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PREFACE. 


It has often been* remarked upon, that beyond textbooks written and 
published for the Gas Industry, no books are obtainable for the gui»lunce 
of the Coke-Cfven and l^f-Produet Works Chemist. 

The various works on Ohenustry applied to Gas Manufacture, although 
extremely useful, do not by a long way meet his requirements. 

I have therefore endeavoured to furnish the ('okeOven and l>y-Product 
Works Manager and Chemist uith a concise manual, covering, as far as 
space will allow, the general work rcjjuived for tin* ('hemieal Control of 
such Plants. 

I am indebted to Dr Harold (b Colman and Dr Percy Kdwin Spielmann, 
and also to their respective stalls, for the interust they l»avc taken in the 
work, and for the valuable assistance they have given in the preparation of 
the chapiters dealing with Pen/.ol Works TesD. Also to Dr (b P. Ijishman 
for assistance in reading overethc manuscript, to Mr R. Howson for general 
assistance and keen interest taken in its production, and to the Society of 
Chemical industry and others for permission U) reproduce graphs. • 


!JOKE-U\ EN .\N1) nY l'ROUUe#’ V\ OUKS, 

SnieKsioiinoE, 1921 


TllOS. BTDDUbPH-SMlTH. 




PREFACE TO. APPENDJX NO. 1. 


Ti*e disastrous loss of i\. lar^^e proporUon of flic (’oal 'I'ar Industry fixuu 
this couiitr^ to Oerinaiiy lias led to^i inimite exauiiiiatioii of the con¬ 
stituent substanccs*of*C’oal Tar hy the eluMnists of Hut latter country ; and, 
incidentally, to a remarkable exhibition of that pauislaking^, ineticulous, 
.and in the ifiain iinini^ginatna! character of work which is ordinarily 
associaU*tT ^vith the tJeriiian chemist. It must be acknowledged that the 
results obtained by these nivestmators have b(ien ol*the j.!;rcatest value. 

It is to be hoped—iinleed, it is fully e\[)ected—tliat in the immediate 
future detailed and ditliciiit work of this kind will in; earned on m this 
country. Our chemists an* fully cajiable of such work . but in onler tliat the 
best advantai^e should accrue lo llie eounliy, there should be tlie stmVilus of 
insistent'demand from the (loal Tar luduslrv itself foi detailed knowledge as 
to what exactly tliat industry is liamilniij,. 

Ajipcndix No. 1. has beem prepared in order ^lo ^ive a j^eiieral survey of 
the nature of the more valuable and also the lesser known substances obtain¬ 
able by^he distillation of coal tar 

References lo Oerman iiteratuic and jiatmits have been retained, in order 
to serve as a ^uude to information winch may not otherwise b(^ \ery readily 
found. Th<‘ almost complete (jmssion of references to work doric» outside 
(jermaiiy 4s due to the desir^* that the present iiifoi-nyition Should be 
circulated without further delay, mfiro especially as llntish ami otlier work is 
easily to bo traced. 

To db the sub^:ct justice, a volume should he wnlteu on it ; hut it is 
hoped that, whilst avoiding too inany^^rdinary “ text-book” fa'-ts, the informa-, 
tion sclccteckwill be new to some and of service to m:uiy, and that a further 
and still morc^incisive interest, l^olh %ci?ntilic and*tudustria], will he jp'ouscd. 


Ministry or Munitions oi AVar^ 
D.E.S. Analytical Laboka lo*'^.* 
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COKE-OVEN Alii) JiV-TRODUCT 
WORKS ■('llEMISTR'’ 


(’llAlTKli I. 

WA5HERY AND OVENS. 


(’OAI- AMI (^>KK. 

1. Sampling^. -To samplo a. lar^o* (juantity of coal or coke for analysis, 
perhaps the ])est inellu»d of prot^cdiire is to take a shovelful fpmi ail [larts 
of the heap, or in tiie case of cliav'^niLr ovens, from each (^ar load and throw 
it into a tuh, clos(‘<l hy a lid ; ^o'lnd up the wfiole to the size of peas as (piiekly 
as j)ossil)le, thoroughly nn\, and spread it out ni a Hat, s^juare hea]), divnle 
this diagoihilly into four <(uadran1s, renio\e two opposite •juadrants, grind the 
remaining two finer, and rc'peat the ahovi; process until about 10 lbs. of 
finely ground coal or coke is obtained. The ju'ocess is again repeated in the 
laboratory until the fuel {>asses a HO mesh sieve, grinding being carriid out 
in this ease hy means of a porcelain mortar and pestle. Where wet coal 
is to be tested {e <j. coal from wasliery) the sample as received at the 
lahoiMtor^^ should he t«‘st«‘d direct for moisture, the dried sample tlien being 
ground ni) for the other tests 

2. Moisture. —f'oa/ ta fmifh iiufti'r /((is heen (uhhd. — Heat 100 to 200 

grains of coal to lOo" ('. for two hours, the loss in weight being due to im^isture. 
Prevent a free ])ussag(; of air over its surface as imicb as possible. At/i higher 
tempiTatnre* volatile hydrocarbows would Ik' driven ortj tbufi giving a high 
result, or if excess of air passes ovef its surface, oxidation would take place, 
giving a low result. 

Dry Qoal and ('oh. —Jb'ut 10 grams of tlie sample, ground fine enough 
to pass a oO-niesh sieve to 10^)'’(h on a cloj*k glass until a constant weight 
is obtained.. The loss*jn weight 10«= pm'centage of moisture. 

3. VolatiUi Hydrocarbons. —One gram of tlu! .prefiared sample is 
placed in a platinum cnicihle, at lei^st*!^" deep,»jvith a tightly fitting lid. 
The crucible sjtould he heatcfk in,.t muHh! furnace for half a minute aft'^r the 
last traces of es^iajiing hydrjicarhons have disappcai^d. %I’he loss in weight 
represents on dry coal, tlu* volatile hxflrpcai^ionsj and •^n wet coal, vcjatilc 
hydrocarbons and,moisture. 

4. Fixed C^bon (Coke; .—me r(‘siauc ^eii pi me crucioic irom me 

volatile hydrocarbon test rejiresents the carbon and ash, the weig)it 

hein^ dete^^mi^iech yy ‘•’dracting the weiglft pf the crucible and lid. Ash 

.is estimated soparatcly^thc differem^c being the fixed caAion. 

f>. Ash.— ^Thls esOniatton^jis carried out by heating two grajps of* the 
coal or c$k4 in silica capsules in tKe furnace until all the carbon is 



2 


(f)KK-OVKN /VXD UY-PRODUCT WORKS CHKMISTRY. 

burnt JiVay. ^JJns can 1)€ told by tlie V'^^^i^dfscent appearance of the mas# 
while carbon iit Jtill present, ('obe requites a much higher touiporature Jhan 
CiKU. •('oal wjiieh cakes sUoiip:ly should be htfated iij) j^radually, so that the 
vob^lle matt<(rs mey <*scajH‘*l)efor(^ tlie powdci^can form a cake. « 

Sulphur,---(u) (/vW/,/vf,',s) Me.lhoil: —Mix O'u to ^ ^rafti *of tlio finely 
orouud coal with 1J tunes its weight of an»intimate mixture of 2 parts of well 
burnt magne.sVa ar^d 1 p?lrt of anliydrons sodium •carbonate. The mfvturo 
is made in ajihitiiiiim crucible by ufoaiis of a glass rod, and the cVifcible is 
heated, without the lid, in an inclined posuion in such h imuiner that only 
its lower ])ortion attains red heat. The mixture should be froipientlv stirred 
up with a piece of ])latiiium wire during combustion, wdiieh lasts for about an 
hour, the colour of the mixture <-ba.nging from grey U't a leddisb brown. After 
cooling, th(‘ calcined mass is washed into a beaker with di.stdled water, and 
bromine waUw is added until tlie liquid shows a light lirown colour, then heat 
the wh<»le to boiling, decant tbrougli a hUcr papci, and wash iho residue with 
hot water. Add hydrochloric, acid to the atpieoiis solution, boil.u..til all the 
bromin(‘ has l/ecn remo.ved, and add a solution of barium chloride, drop by 
droj) .at Ixuiing [loint, uutd tlie ])reeipitation of i>anum sulphate is complete. 
If the magnesia or sodium carbonate are not [lure, a “blank” should be 
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carried tlirougb on these substances, ultboi>t the sample, and the amount 
deduete<) from the total sul]>]iur found. One part of llaSOj indicates 0'1.S7.‘5 
parts .of sulpiiur. \ solution of ammonium aei'tate added to the hoiliug 
Koluliou, afU'r precipitation has hoeu found to make the preciintati' grow, 
facilitating its'hltration w'ithout endangering the aceunu'y of tlu* estimation. 

(/*) liiKfantiinrotift ( fomMi/st/o/i Method. —Mix. 0-7 grams of the fuel with 
l‘J grams of sodium peroxide and DT) grams of \ otassium chlorate in a nickel 
crucible of about -lO-O c.e. ca]>acity Stand the crucible iii a jioreelain dish 
containing distilled watiw up to lalf its height as shown (tig. i). Ignite the 
niixture by means of a red-hot wire, tlirough tlic holt in the lid.. When the 
action is over, wash out the <*rueihle into the dish, add Imlrochloric acid 
until slightly in excess, id then ai.my»nium hydrate until alkaline, Klter and 
wash'; add to tlie tiltrate a few’ drops of nedh^l orange, and ^‘ving to neutral 
xvitli hydroehlorii acid; add 0*5 c.e. IK’l iii , ex cess: Ixnl, and add barium 
eldorido solution an 1 ammoniu.u a'‘e;,;ite Solution as before. 

A “ Ih.ink ” should ab'o be carried ort with the above method, the com¬ 
bustion of course being' umv'cessary. 

Phosphorus. —Ton grams of coal or coke are ignited in a plathmyn basin 
until only the ash is left. this is then fused and digested, hi a^covered beaker 
with 20 c.c. of bromini.scd liydrochlorie ac.id for ap hour at nearly boiling 
tempcraViro. The bulk of the acid is then r.miiAved by i‘\'a]»dration, and the 

solution is diluted witli .'10 c.c. of w ,,er! The whole is tlien filtered, and the 
* . {<» 
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residue waslied with distilled water, J5 c.c. of struuf'iaiiiinoiia arc added, and 

thip is neutrali.sed by nitric acid*from a burel.tc! When fo solution .tidccs 

place,, diluted ammonia is added droji by dr(yAunl.d a faint clondhifs.s or 

opalescencs appears^ this is then rc-dissolvcd by 

.'iddition 0 ? i few'drops of nitric acid. The licjnid ,, 

is kept near the boilinj; point dAriiif; this operiitioii. I 

To'the faintly acid sohition .'1 cTc. of strong? nitric 1^ [ 

.•jcid are added, and then 5 c.c. of’a 10 jier cent. , 

solution of ammoniiiiii molybdate fs quickly added, 

the solution heiiijr briskly stirred. Aftbj- a second or 

two the yellow ammoiiiinii phosphomolybdatf settles j I 

in a granular form* This is then nearly boiled for / \ 

five minutes. The precipitate is then filtered off on J 

<1 tared filter jiaper, washed with a weak solution’of /ii 

nitric acid, dried on the \ftiter bath and wciglied; the U 

weight (fl^preeipitate x •]()H = per eeiit. of iiho.sjilionis. 

The aiiiiiioiiiiim plio.splioiiiolyhdate may be e.sA:i- 
mated in tlio following in.anner, wbieb in tlie aiitlior's , ^//'^ 

oiiinion gives more accurate resulbs. (_ __ 7 __ _ _(/ 

The jirecipitate isdi.ssolved in ammonia by placing • 

the filler paper into a beaker containing b c o. ‘dH 
aminoiiia and about -bO c.c. of water - the beaker in 


which tlij precipitation wa.s carried out is usually used. Make the mixture 
up to 100 c.c. (Ihe true volume of the paper heiiig iiegligihle) and ]iijiette 
out 50 c.c.— i.e. •) grams of coke, to which add 10 c.c. hydrochloric acid and 
hod. Add when hoiliiig 10 c.c. of lead acetate solution. 
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Also boil in a second beaker a mixture of 50 c.c. of 
aiiimoiiiiiiii acetate solution (olitaiiied liy neutralising 
dill percent acetic acid with uiiiiiioiiia) and 50 e.e. 
of a 2(1 [icr cent, solution of aimiioniiini chloride. 
Mix tl»c contents of the two beiikors by jioiiring from 
one to the other four or five times ; allow to stand 
for a fe\% niimites, and filter off the precipitated lead 
niolylidale; wash with hot distilled,water'uiitil the 
wasliings arj free from chlorides ; ignite at the front 
of the inutile, cool and weigh, bead iriolyhdato repre¬ 
sent O'OOT times its oww weight of phosphorus. 

7. Nitr.Ogen.—Mix 1 gram of the sample with 
10 g»ams of polasitiiim sulphate or persulphate, place 
in a K.)eklalirs tlii.sk, and add 20,c.c. of jmre siil- 
pluiric acid (free from nitrogeii(f Digest over a small 
Haiiio until tiiie'blaek eoWur has di.sappearei^ (See 
lig. 'f) •Dilute'to about 2.50 c.c., luld a small piece 
of gwiiiulated ziiie and tran(?f#i' tZ the ainirionia dis¬ 
tillation apparatus ^g. S), aniT* distil wjfh 2&^ c.c. 
of sodiiy#* hydratosoliitiifti ^onii'ining approsiniately 
50 grams NaOy., into 2@ c.c.«of N/IO sulphuric acid. 

Kach c.c. of yJiO acid used represents '001-t 
grams of nitrogen. •. 


Coking ,Property Tests.j-Dry the roughly ground sample at 
i00°C., grind fine ..noiigli fo» the,<vhMc to pass through a 30-»esh sieve. 
VVeigh iuito ci^clwof six pgrcelain cruciB!* 1 gram and add to eacti different 
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proportions of silver sandj );ra(lcd t)y nfjglectino 
inesk* sieve and'tfiat passing an 80-inesli si'eve. 


•the portion not passing a 45-' 
Intimately mis the coal fthd 
sandj^dover wkh lids, and l-past for 1 hour ip a furnace kept at a constant 
temperatui-e of 450" (t After roasting, turn out the coptents of 4he (jrncible 
and cSaniine. If adhering lirndy into coke, more sand is needed, and im-e 
verm, until tl,ie proportnin of sand and ‘coal is found, which renders the 
contents of the crucible, when turned out, to just 'adhere together mid be 
easily disin|egKiited with a sjiatula. ' ^ ^ 

The “('.ooking Index ” is the percentage of sand in the mixture. 

1). Approximate Formula fot Calorific Values of Cpal. 


(1--percentage of carbon • • 

\' = ,, ,, volatile hydrocarbons. 

X 100 

(.'+'V 


•VI 




Kind A from the following table. 

VI fi “lO 15 20 25 .-.O ;!.■ ,2.S 10 
A Ilf. [;«) 117 I O'.) 10:: its 9-1 ,s;, ,so 

Calorific Power. - ■= Hl'C-fAV- Calories j.er kilogram 
= (S2C-I- AV)1 « _ il.Th.Ks. per lb. 

For estimations of calorific values see “ <'alorimetry.” 

Free Coal in Shale from Washery.— 200 grams of tlve shale as 
taken from (he washery arc dried and sieved with a .‘(0-niesh sieve. The [.art 
not [lassing through the sieve is plaecil in a bath of calcium chloride solution 

of I 40 specific gravity (for illustr.ation 
of bath see fig. 4). The particles of 
coal float on the surface, while the heavier 
shale Sinks to the bottom, wl-ere it is 
c,night in a perforated basket. The eoal 
\! ci'd d SoluLion is skinulicd off, washed and weighed. 

Dust is first removed, since the surface 
tensitf.i of the solution liolds small par¬ 
ticles _of stone on the sicrfacc, thus' 
giving a higlicr aud inaccurate result. 
Salt in Washery Water. —Where 

coal coiitiuning a high percentage of 
sodium chloride isdreated, tHI. washery 
\iater has'to be ,changed when the per¬ 
centage of salt rises above a fi.xed figure. 
Tills necessitates the pefiodical testing 
of tliu saiijo. 

A sample of the w^er Is filtered 
^and [^0 c.d. are diluted and titrated with 
N/lfjsilvg.'iiitrate,"using yotassiiilii chromate as an indicator, the finishing 
point Deing indicativl Vy fhe red coloratfit.i of silver chni-uate a]ipearing— 
each c.c. of N/10 silvcr'nitrifce sohitiiui representing 0'0058.5 gram gf sodium 
chloride. 
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GAS. 

Estimation of Apimonia. - Tin' opinioti df the Author is Unit there is 

no method forteslm^ hot moist ^as for its ammonia content wliieh can ho 
relied upon, ('ondensation of the water vapour, and the al»sorptioii of 
ammonia by ^iie condensed water l»einjf the most trofihlosome factor to 
deal \^ith^ * 

(a) Arfan^e two absorption bottles in series, ^iito each measure 100 e.c. 
of 10 ])er cent, sulphuric acid Allow the ^a.s to htihldc' tliroup:!!, measuring 



it with ^mck^r. lOO-'iOO gafj should he passed, the coritout# of the 

hottloa then lioing mixed together, and AO e.c. distilie^l W 4 th*exccss of caustic# 
soda into liO e.c. of .\710 sulphi.^ic ati(^ ei«h c c. of ^J\0 acid representing 
•0017 gram ammonia. # \ # ^ 

(h) AmmoniH is very often estimated p^ssiri}? lRl‘ gas direct through 
the i^/Pd acid and titrating back. Thi^, however, gives only the free ammonia, 
tho^fixed amj^ioffie eoltentcriiig into the reflctjoii. 

^Stimation»oi iTar. (fv) 100 litres of* gas art? passed through two 
glass towers*coAta'uirig tkimj^) cottofi wool, and connecte<i together in scries. 
The WQ(j], tar, mad condensings are tht^galaced on the funnel of the extraction . 
apparatus slibwn in fig? h, the tow’cri^hieing rinsed dowm with purc*beozol, 






6 


CUKt-OVEN liY-rji'tDl'CT WUEKS oJlEMISTKY. ' 

the ]att(!r heinj^ after\vur^?K placed in boiling flask. The«cxtraction, is 
carric*(l/)ut by lueans of tha l)ciiz()l, which afU'rwarda is separated from the 
cond^j'isefl water, and evaporated in a weighed ifask, the tar remaining behind. 

(6) ^Whon only traces of tar arc present the gas is* drawli through a 
weighed sheet of filter paper suj)ported by a wooden frame. The paper is 
afterwards dried and^rewei^iied. ' * 

Estimation of NaphthaIene.^-»loO c.e. of a saturated sohitron of 
picric acid in* water is placed into a DrosclrtTsVash bottle : i O ewbie feet of 
is passed at about ^ cubic fo<tt jicr* hour. A precipitate consisting of a 
mixtun^ of naplithaleuc and n:/phthalene picratc is obtained. Without the 
addition of water, the wash bottle is drained into \i ^ound bottom flask, 
])lHgged with an india-rubber sto])pcr, throngli which passes a glass tube sealed 
at the end, and with a sitfe lioh*, as shown in lig. (i. Air is extracted from 
the flask with a suction ])inii|), and hy drawing u[) .Ik; tube into position (1 
the llask is scaled. The flask and ils contents are then iniiiicrscd«iu aVater 
hath, tlie water boiled until a clear solution is obtained. The whole is 
allowed to cool, and cryslals of na])htbaloiie pierate settle out; filter 
through a dry lilter \)aper, and tilrate T/O c e. of the filtrate with N/10 
sodium hydrate, using laemoid solution as an nuheator; also titrate 50 e.c. 
of ufiginal solution. 

KiViliph — 

50 c.e. picric acid solution iH-fon; use - liO N c.c. .\/I0 Na<Hf. 

50 „ ,, ,, „ alter ,, lO'l „ N/10 ,, 

l‘7x.‘)(ror 150 c.-‘.)'5‘]. 

5-1 X 10 (to 1(H) e ft.) -5J-0. 

1 e.o. iV/iO JVaOlJ = '11)75 gram naj)hfha]cne. 

51 '11)75-^ JO'I grauj.s CU) pel lOOc.ft. 

Estimation of Cyanogen,- -A W per cent, solution of caustic soda 
or caustic potash is iniAcd v\ith a 111 [ler ccnl solution of ferrous sulphate ill 
the proportion of 5 to 1. The mixture is poured into three Woulfc bottles, 
and gas is ji.issed through at the rate of I cuoic foot per hour. 

After about 10 cubic feet of gas have been ])asscd, the inixtur® (collected 
from the three VVoulfe bottles) is waslieil into a graduated llask, and made 
up to a delinite volume, a portion being taken for analysis ; this portion is 
\)oiled until free from ammonia, and then filtered. The liltcr pa\)cr is washed 
with hot water, until a few c c. of the'washings caught in a test-tube, 
^011 being acidifieil with hydrochloric iwiid, give no bWo coloration on the 
addition of ferno chloride. The filtrate and uashing.s are acidified with 
hydrochloric acid, aia/ ferric cliloridp is added, the cyanogen being pre- 
eijiitatcV u-s “Prussian blifc.” Tiic wlidie w lily>rcd through ji tared filter 
^paper, well washed, dried and weighed.* , 

Kminplt .—10 cub(eVeet of g.^s weiv pas^wl. ‘The mixture of filtrate and 
wasliifgs we<'c made up to 11=00 e.e., of which 50 c.e. were taken for analysis 
(- to T cubic footft'Of *gas) whii'h jmxluM 1 grains of'iprussian blue. 
8G0 parks of the latter eoiUain^lOH pari^ of cyanogen, therefore <■ 

LVlt' grains’of cyanogen per cubic\oot‘of gifs, rir 
.sbO ^ . 

grains of eyanogeij [ler^OO cubic feet of gas. 
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.Estimatiqn of SulphuVetteJ Hydrogen.-^(fT-) Wm^dijns ^letkod.— 
For*tliis test a special bottle j[fig. 7) is required. Hold tho*l>ottle iiivt^'tod 
over the gas supply for 3 minuies. While in th«f position replace the1iy)lo\v 
stoppei^, which coiitaifts caustic soda, solutiou (1 '1 specitic gravity), shake the 
bottle for a few minutes, wash all,down into the bottle with distilled ^vater, 
add phenyl phthalein. A colour sj^ould be prodn^asl sliowing an excess of 
caustic^soda used, lomovo alkalinity whh liydrochloric aci^, dilute, add starch 
solution, and ^itniio with ]S;Ulii iodine solution, until blue ct>loration is 
obtained. Kew the bottle is a standard ^i/e holding cubic 
foot of gas,* and with this 1 c c. of N^'IO ioiline solution 
-20 grains suljihuriittcU hydrogen per 1(H) cufiie feet of gas. 

(/>) A solution of aminoniacal sulphate of copper is pre 
pared, of sucli a strength that 1 c.e. — OOh grain of sul- 
pliurcttcd hydrogen. Ong-tonth of a eiibic foitt iM’ gas is 
passed*tl^rq^ugh two llarcourt colour test-tuhes, the first of 
which is charged with a solution of ammonia and distilled 
water, in the proportion of 1 to 10, and the secfmd with 
distilled water only, a pu'ce of lilter paper soaked ni lead 
acetate solution being jilaced over the outlet of the second 
tube, so as to show that tlie absorption of II >S is comjilete. 

After the gas has pas.sed, the contents of the (wo tubes are 
emptied into a white fiorcelaiu basin, and titrated with the 
copper sitlphate solution. As llie two solutions meel a slight brown tint 
will appear and the action is co'uplele when the black eiqqicr sulphide lias 
separated out, leaving a colourless lupiid. The number of c.e,. of the copper 
sojutioii required to ellect tlio reaction multiplied by 5() uill give the grains 
of sulphuretted hydrogen jier lOO cubic feet of gas 

(c) The following method was descrilted by Mr A. 11. Way in a paper 
before itie Chemical Section of the American (las 'nstitiite. Tlie apparatus 
consists principally of a wide month bottle of ai)out liaU a gallon capacity. 
The neck is fitted witli a thref-holo ruhhei stopper, wliicli is marked in any 
convenient way by means of which one may bo sure of its being inserted in 
the nock of the bottle to exactly the same point each time. Two gla^s tubes 
project thrfmgh the stopper to a*distanee of a.bout 2 inches 'iboxai, :tnd to an 
uneven distance bidow—one nearl y fo the bottom of the bottle and the other 
only a short distance beloi^the sto])per. A thermometer is fitted into the 
third hole, and short, stout rubber tubes with*])iucb-eocks are attached to 
the glass tubes. 'l1ic bottleJs calibrated at (iW K., including tlie tubes, up to 
the pinch-cocks. 

The gas tj^ be examined is passed through Hie dry botUe until all the air 
is expelled ; and tlie stop cocks are tlie^i closed—the outlet one first, which 
ensures a pry,^sure in the ho^le^* Tl*e K aitiplc.' is Tft-oiifilit to tlie laliyriitory, 
and allowed to stand until its teni])eratun! a[)proael]es tliat^jf the room ; one 
of the tubes is then eoniiceft;d with iona^' nihl)ei*yifie, the loose end of 
which is immerijed in a beaker holding exactly^ inchhf water ^ thorilinch- 
cock on this tuMh is slowdy releS?ed until the hubhUss *«iase to rise'throngli 
the Valter. The gas in the bottle can *lien he Considered at normal pressure. 
The»pinch-eO(^k is tbJt%clo.,<ed and the saineiShe is connecteil witli a Icvelling- 
hottle, the otherheii.g eoniieeleil with** large Wnrette containing an 
ainmoniaoal Solrttion of cailmiuin eWoridc, consisting of 125 c.e. of water, 20 
grains qf cadmium chloride, and 50tile. strong ammonia, filtered ; ftnd .300 e.e. 
of strong amihorda, madf up to 1 litre with water, arc added. By means of the 
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levelfiu" bottlf V AMouiiin is j)r(»llur5od in tlio sample bo/,tle, and about 

‘JO e.c. of the soIiiLioji are i^lowod to run in. The pinch c()ck is closed anfJ the 
burette discortnected. The Fcvellin^^ liottle is ^aisisl, and at the same lime its 
pmcli-cock is opened, the gas whicli has bcjm drawn onl*l)euig f«r(Jed bUck into 
the bottle. The levelling bottle is disconneuted, and that containing the sample 
and cadmium* chloride swlulion is shaken for a few minutes. Pressefre is 
slowly released hy*op(‘ning the stop cock on tlie shorter tube, the'stopper 
reiijovi'd, and Uio Contents of tlf<e byttle poured bn 
to a dry filter. The bottle is I'iiised three tiWis 
vMth^a httfl! water without attempting‘to clean out 
the jKirtieh's of cadmium suifihklc which stick to the 
l»otllt‘ and tubes. The jiri'cipitab* on the filter is 
washed twice with wati'r, au<l the filter and precj|ji- 
t:ite ar(( jilacrd in the l^ottle. An’exeess of N/2() 
iodine solutum, H <!.e. of standi solutioi^'i’OFj o c. of 
^wator, .'ind 50 c c. of coinimTidal hyilroiddonc acid 
an* adde<l. Tiic stojijier is inserted, the ])inch eocks 
are closed, and the bottle is shaken for a few' minutes. 
The stopper is again removed, the tubes rinsed into 
the bottle, and the exeoss iodine titrated wuth N/20 
thiosulpliate solution Wy ealculation fnmi the eali- 
hration of the bottle and the absolute strength of 
the iodine solution a factor can he obtaihed which 
reads directly into grains of sulplmretted hydrogen 
per lot) cubic fei't of gas per cubic centimetre of 
iodine solution. A correction is made for the tem¬ 
perature, and, if necessary, for the j-ineb seal. A 
blank is run through penodically on the reagents 
employed, and thi* amount of iodine used inlbe blank 
is deducted from the iodine used in the determina- 
Fin. 8. tion. Very accurate results are claimed for this 

method. 

K.vtim.ph.—.\. N/20 solution of iodine contains b‘31G grams of iodine per 
litre. Kronj the reaction H.,S-p 21 = 2111-f S 1 gram of iodine i% equivalent 
tot) l'Jf2Hgramof H ,S 'J’herefore 1 c.e.'of N/20 iodine solution ^ 0 00085214 ’ 
gram or 0-01215 gram of H.,S. Then— 

c.c. in 100 cubic feet ~ 

c c. in lotth* * 

- . * 
grains of H.^S ]>pr 100 cubic feet per e (*. of N/20 iodine. Assuming, for 

instanci*, that tin* bottle holds 200t) c (^, we have * 

2000 

or I c.c. of iodine solpfioii -- IS (J2 i^rui.is o£'H.,S ])cr 100 cubic feet of gas. 

EQti^ll^tion of TotaCSulphur.—(' li’efrm-'s su/phiir l-fStj. —The appar- 
atii.s nii'iiirod is sIkIwm fn iig S, and consi.sfe'of a bnnsen fjiirner A, having 
a steatite tip in ivliieli the gas is bnnft'd, pa.ssing tliroiigli a short cCiv*!™''! 
stand, provided with a iniinlier'o'f heles for tlie adiiiisi lo^i .of a.ir. ^ The stand 
lias a circular clianiifl on its tipper surface for tlie juirpose of receiving the 
wide, end of a trninpet tube B, winch is'also tiUed' into a ghtss 'lower fl, con¬ 
taining gl4ss lialls, known as tlie conjionsi'fr, and jirovided at tlie toy witli a 
long glass tjilie H, wiiich serves as a cliinoiioy to ureattitho necessitry draught for 
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drft\jing. in airihrouj'h the lioleH, ai^d'also 
to find an exit for tiie incondensjUde products 
of conihustion. The inlet of tl#:‘ burner is 
connectVd tft tfiie oufekit of an expeninental 
met(U’, whicli automatically sliuts^ott the 
gas ftheu 10 cubic feet have passtjil. To 
proceed with a test , surround the stem oji the 
burner with Re#(piitarbonatc of ^nnwonia, 
ligltt the bu rner when the index of tlic 
meter is at ztio, place the Irumpi't tube ili 
the channel of the buriufr, and connect the 
narrow end to tlie condenser by means of 
an india-ridiber conneclion, afU'rwaids con 
nectmg tiie lon^ climiney kube to the con¬ 
denser* iriu! experiment retpiires fifteen 
hours for the 10 eubu; feet of gas to burn. 
In the process of burning, tlio sulphur in 
the gas combines with the oxygen in the 
air drawn in througli the holes to form 
snlpln I'ous aeid whicli, combining willi the 
ammonia ilrivenoTfrom the sesqnicavbonatc 
of ammonia, forms sulphite of ammonia, this 
being inturnoxidiscdtoammonmmsMl])lmte, 
which condenses in the glass Icwer aiut is 
deposited, togetln'i* with the water resulting 
from the combustion of tlic hyilrogon m the 
gas, in the glass beaker ])laeed below fbci 
condenser. When 10 cubic feet of gas have 
hocn l.nrnt, empty contents of tlie, licaker 
into a graduated llask. Ivinsi; down with 
distilled water, the condenser,The trumpet- 
tuhe. and the chimney, adding the w'ashings 
.to the measuring llask. Mix the whole of 
the li(juid *and divide into two* ])ortiuns : 
place one jiortion in a glass beaker covered 
with a clock glass, and acidtly with hydro¬ 
chloric a^'id in order to drive oil' the car¬ 
bonic acid, raise to boiling point a^id add^ 
an excess yf barium cfiloridc solution* and 
continue to b*iil for fivi‘ minutes. Barium 
sulpliatc is precipitated, allow to lotUc, 
filter, w^^^jh *L;ritil the wasliing;s* are 
from chlorides,* ignite in a^tared cajisulc 
and reweigh. It is advisable io ux^dige 
with bromine licfore adding th^* hydro¬ 
chloric acid. * * 



■fl'lON OF B>ENZ01. AN’iT I'i'S H()M<)I;()<:UES. 

• • * * 

(d) MiiKer's Test,. 05 the •Increase in Weight of Oleum 
Petroleum. — Methail. — TUc appAtaC'-i^ is fitted up as sliown in fif;. 9. Tlic 
ilas is Ted tllrdugh a jUws tower A .tilled with cotton wool, to iremove 
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suspended metier, etc., through the twoi bubbling tubes B ai^d C, containing 
dilute sulphuric acid anc^ dilute caustic soda solution, for the removal of 
aiiiMonia, pyridine, pbenoft, etc., and also •through a second glass tower 
packed with calcium chloride for the removal of nioisCm’e. The cleaned gas 
is then passed through the four weighed aib8orj)tion bottles filled with oleum 
petroleum, ait.1 the weighed IT tube tilled with calcium chloride to the meter: 
the four bottles an'd the I' tube being surrounded with ice. Gas is^iillowed 
to pass at'Ihfc rate of 5 litres per ho'.ir, *•100 litres hckig passed. At (he 
e-vpiration of the test the bottles arc each disconnected and allowed to stand 
for twelve hours in order to fxpel Yhe gas, and the teniperatuiM of the four 
bottles and the U tube allowed to rise to that ef the laboratory, being 
reweighed, and the increase in w eigtit calculated to grams per cubic metre of 
gas, or by taking the snecitic gravity of the benzol made on the plant, the 
results can he calculated to galls, jier 10,000 rude feet of g.as. Two sets'of 
apparatus arc at work simultaneously, one before the scrubljrt'r and one 
after them. 


h'j'oinjtli '— 


SrrnhfH'rs,. 

Oils 

/las.bV’f/, 1^00 i/fres. 

No I r«o((I(t No, 2 l')ottl« 

No a iiutiit 

■■ No. \ Ilottle 

. UTulro. 

Weight after t(‘Ni . iJ7-7r.S 

'll-lOd 

lOl'.'Ol 

I,s-!i;i8 

„ he hire tost . ‘.)1'372 


104-222 

. 47 0(10 

Increase m weight I'h.'iS |■•"^20 

1 •27,h 

■Gl'l 

1 ,'<7,s 

Total iiicreasf*: 6 ^50 grammes 3 

ij‘35 gnmimes per ei.hie 

metre. 

After Scrvhlit’r». 

('/as yif/sm/, 171)'()] 

/lilts. 

N<l 1 Itolilo. No. 2 hotlii' 

. No .j. Holt!, 

■ No. 1 

U Till,,'. 

Weight after test ItXi -(Hi iHi'liaii 

101 4.'!2 

107 ;too 

(i(r;!.‘i7 

„ Jx'fore test lOhs;}] 1)5 tS:* I 

JOI TSfi 

107-2.5,s 

CO-22N 

Jnerease ill weight -375 ’ttH) 

• -017 

■012 

• -lO!) 

Total increase : l’()03 grammes 

5-57 gr:%mmes por eiihie 

metre. 


Loss at .scriihbers, IG’.’iO per cent. 

(6) Method of Absorption and the subsequent Distillation of 
the Absorbent.’ —Creosote oil, oleic acid, and nitrnhcnzenc^arc' suggested 
as ahsorheiits. Now to wprk siiccef^l'iilly on tills prinei]ile, similar trcatiiient 
nnist Le aiiiiod at to that given to the gti^ ci|i a jiractical simile, hence it is 
obvious that tht piost ^suitable of tlic three ahsorboiits is ,tlio tirat. It is 
impoitant, however, (ih.at the cr^osirtotoil should be specially prejiarcd. Wash 
oil slknildshe distilfed an^ the fraction ijistilling between d40 and 1170 C. 
taken, 'rhis is waslhvl witli acid and soda, ttdremove taraciSs, pyridine bases, 
etc., and allowed to sfaiid in ice i* order to freeze out the najifctj^alene. 
Four absorption liottles sliould !»■ used, eaeli being kutfkiiopt papacity to 
hold 200e.c. of ahsiti-heiit, ailil should be of a pattern oilering a maxinnim 
surface of contact. ICO to 200 litres cX gas are passed at about 10 litres per 

* 

^ By the Author {tjfas Work/, ( okiiig Scotioul May 
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houri The contpnts of the four boUts-are afterwards draiiioTI into a.large 
distilling flask and distilled, Ddc.c. of light oil (excluding the water) are 
collected'and the distillation stf^ipod. A 50c.c. Capacity flask ft fitted Vi<,h 
a miniatift'e frSekioning Solumn and condenser, the latter being moistened with 
benzol and allowed to drain. 50 c.ct of a representative sample of the (fay’s 
make 9f crude benzol (made on the pl<inl the same day) are placcal in the flask 
and distilled up to 160° C., correction bejng made for the batometrie pressure; 
> the’yield is notec^and the ex])orimcHt is,rcpeated, using the SOc.Cf of absorbent 
distillate. , 

Example.—\W litres of gas have passeef through the absorbent which, on 
distillation and redistiUatkm of the distillate up to 160” C. yields 3’Oc.c , and 
also 50 c.c. of (■rude benzol when distilled to 160° (!. yield .’IT r) c.c 

Then, it 37'5 c c. (100 per cent, at 160° 0.) represent 50 c.c. crude benzol, 
3'0 h.c. (100 pig'cent, at 100“ 0.) ,, ’ 4'0 c.c. ,, „ 

Therefoifi tlt(ire will be 4-00 c.c. of crude benzol, of the same strength as 
that made on the plant the same day in the absorbent, which represents 
100 litres of gas. * 

Nitration Method.*- -The same apparatus is reipiirod as for Muller’s 
test. The first and second absorption bottles contain a mixture of nitric and 
siilphuriv acids in the proportion of 70 per cent, sulphuric and 7)0 per cent, 
nitric. 

No. 3 bottle contains distilled water, and 

No. 4 „ ,, 2 N/l caustic soda solution. 

The I’ tube contains calcium chloride. 

Nitration of all the aromatics takes place in the first two bottles and 
niTrous vapours are caught in the last two, water vapour passing from the 
last bottle being caught by the b tube. ’The test is carried out as in the 
Muller’s ((flit, with the exception tliiil ice is not ro(j'iired. 

(C) "Vapour Pressure Method.— The following method and doscription 
of aiiparatus was given by Burrml and Uobertson of the U.S. Bureau of Mines 
1915, and set forth by Mr Bonis 0. AVhiton in a conlriliiition to the Jimrnal 
of Iminstr'Kil ami Kiojineerntp C/tenJialrp. * 

The appafatus consists of a biiUi 6 inches long, having a (*ligl|J, (fonstrio- 
tion in the centre. The upper portiofi of the bulb contains glass wool mixed 
with phosphorus peiiloxidc tc»extract all the moisture from the gas. Con¬ 
nected witjj this bulb is a mercury manometer anil an entry and exit tube 
with a ground glass lliree-way ,eock. ’The aij- is first evacuated by means of 
a vacuum pyiinji, the g#s to be tested •is sucked in, and the throe-way cock 
turned when tli^ gim is under barometric pressure. The enti« bulb is then 
placed in liejuid air in a Dewar's flask (j- ig a mixture of tX.).,-snow mixed to 
a cousisteii^ si slush with alc#hoJ%ir acetone. It is allowed "to remain ^.liere 
for ten miimtcs, the tompera^u-e being a|ipi oximately -78° C. The benzol 
freezes out at this temperature, and4,he 4)0^ (i,CO . ifj* ^,'11,. . and C.^H.,, 

which have a high vapour pressurj; at this lemp^-ature' are evawiateS.by 
means oi the vacBum pump, th?*cock tiirfled to se;(i Wfe system, ahd the 
appara^is* brought to the room tempertture. I'he partial jiressure of the 
benzol vapoijr i| rA.dstemd on the manometei^ and this result divided by th'e 
barometric pressure* a lyO indicates the per ceiitf of bonz«l. 

The abovo*m5th'id has'be^i sliglAly modified by ])r H. ]'\ Coward, a 

' I^y the AutlioJ((?a3 World, Coktng Section. May 1917). 
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U tube having*grouiid gfass stoppers bej^ng need as the phosphorus pentoxide 
container. I5y this metliod Dr Coward claims to make an estimation of 
bf^izfene aufk its homologbcs in a sample of soal gas in 15 minutes, dbtaining 
figures corresponding with the yields of tlie plant. , . • • 

(t/) The Lessing “Dry” Process. — Or Lessing, in a paper to the 
Loudon Section of the Si‘,ciety of t'hemica] Industry,^ describes the foWowing 
apparatus, a diagrammatic view of which is given in fig. 10, and general 


liV- 

ig 


?:# 






view ill lii;. 11. Tlic cmitainer A filled with oil-siiaked jioruiis material (!, 
which rests on a perforated bottom li, and Exerts only a »r^%ihle back¬ 
pressure to the gas. ^Thc gas to be tested enters tlironghHbc stoivcock D, 
passes downwards ^ibrougli tlite inattirial'and through the gas outlet E into 
th(f gas nteter. The nso of rubber tiibiiifi sliould be avoided as far as possible. 
The container A is siirroiifided by a jaeCet (1, which is provided wfith 'a 
gauge H, and drain-cock ,1, (jnd is'filled with water ^during the‘setuhbing 
period. The gas is passed, through the apparatiKs at Ihtk rate of‘about 
5 cubic feet per hour, and aliont 100 cubic feet are used Tor one experiment; 
This will^ therefore, cover a period of* twenty hhnrs during which time the 

iJour, Soc, Clixni. Ind., Kehnitiiy 1917, and Oa^Woiid, 3rd 
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apparatus does not require any •attention at all. Stop-cocTv* E ftn^<D ,are 
tlien elosed, K is opened and the witter run out throufrh the sirain-pock J, 
until it tills only about one-third of the jacket. j|«gas ring burycr It isjthen 
lit and s^eam^s raised iji the jactiet, the excess steam escaping through flie 
condenser 0. When*the water is well boiling, K i.s shut and stop-cocljs M 
and N are opened, the pressure Hhving been relieved from time to time 
throiigh^N ; at the same time the bftnseii burner S*is lit. , Tho*8teain raised 
in 4he jacket now passes through tjie sudiorheatcr coil L and stop-cock M to 
the bottom of the inner container .arfll up through the absorbent material. 
The steam am) vapour pass through N atiil condenser (). The products of 
distillation are collected m a graduated funnel cltiiniiod to the stand under 0. 



Kill. 11. 

P is the ielet for tlnjcooling water and Q its overflow. The charging hole T, 
through which the material isi^iut inlo the ii,p]iaratus, is closed by a screw-cap; 
any water aondensing l!i the vessel or ihirplus oil is drawn olf through drain- 
cock*E. The Steam distillation, iiicbidiiig licating up, takes^roin one to one 
and a half hours, and is usually carrioil imt until tlti absorbed n.aphthaleno is 
distilled To avoid bldtka^fes in the condenser it is advisable tiV allow 

the cooling watiS- to get hot* before the naplithaleiia ^tage is reached. By 
drawing off the hot water and rtfnniifg 4:ol(t wajer thrpngh the jack^-t the 
apparatus cools 4 p,pidly, and ks JJjsn rciuly,for scuiibbiii^ again, thiirthe 
complete^cycle of operations can be carried out iKithin* twenty-fuur hours, and 
therefore daily tests (;an be made. , 

ill the*Buksoc"'I't-'estiination of benzoT asjd toluol Dr H. Cl. Colman’s 
‘method is foBoweU. • . * 

Freezing Method.-^Quite gently a new method wias su^ested by 
rimile Sluite-Qlaire-Deville of P.tris, and which the Author, having slightly 
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modified it, strongly recommends wii«re tl«! apparatus i5 Obtainable, the 
figures obtained being extremely aecirt-ate. . . 

The principle upon w,liicb tlie method is^)aeed is, that if after drying the 



gas it is cooled to a very low lemporature, the crud« bofizpl becomes, frozen" 
and can le collected in a suitable vesselv; 

'Ulie apparatus used is shown 12). 
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• Gas is paRs^ througli th| yieter, and then cleaned*antVdriod.by j)aR8ing 
threygli cotton .wool to rcinovo Rnsj)»nded matter, and througli two calcium 
chloride vessels to remove tho*buIk of the water vapour, the final traces of 
which being removed In' a tubo^jontaining phosplforiis pontoxid^. * v 
The •clcafi tiry gas then passes througli two empty absorption tubes, 
surroimdcd by a mixture of acetone and carbon-dioxidc-snow, mixed td the 
consistency of a thin paste, contained in two Dewar’^; flasks. ^ 

A tcHnperature of - 72'' C. is obtaiiiablc, at which all 'the constituents of 
crude bcn/.ol arc^solii. * * • . 

Ity removing from the freezing mature and allowing to rise to the 
temperature bf the atmosphere, the solifl ma^s melts, and can be either 
measured or weighed. <i\nothcr point of advantage is that the resulting 
benzol is entirely free from traces of an absorbent, and therefore can be need 
for accnretc analysis. 

* The carbon-dioxide-snov* is prepared by t 3 dng a line canvas bag over the 
outlet d) *\wlinderof li(piid carbon dioxide and opening the valve (tig. 13), 
the reduction of temperature, owing to the sudden expansion, being sutficient 
to form solid carbon dioxide, wlucli collects in the bag. 
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ANALYSIS OF THE GAS. 

Sampling. —Kamples of ga» a''e as\ially obtained by means of a sample 
tube (fig. 14). The bullj and' lube A .are conijilctely filled with water 
and connected np to the pi))e from which the .sr.niple is to ho taken as 
shown. First open tap I) ancl then E, and allow the water to rnn out until 
the level (1 is reached ; gas taking its place. Quickly turn off E and D and 
disconnect from A. , 

Hempel's Apparatus. —.Vleasuring .a definite Yohnne of ga.s for analysis 
is-performed in a llempel gas burette shown A, 11, (J (fig. 15), and consists of 
two tubes A and II, which are joined by a long piece of thick-walled rubber 
tubing 0. The tube H is the mea.snring tube and is calibrated from 0 to 
100 c.c. in Jtlis of a e.c. from the bottom. The tube A is a levelling 
tube. The measuring tube is fitted with a glass tap, to which is fixed a piece 
of glass capillary tube S, bent as showui. Water is poured into the levelling 
Inlie until both tubes are about half full, care being taken to remove trapped 
air bubbles from the connecting tubing C. The levelling tube is then raised 
with the left hand, and the glass taji W opened with the right, until the 
water completely tills the measuring tube and begins to overflow, when the 
tap W is closed. 

'I’o transfer 100 c.c. of gas from the sanijile tube (fig. 14) to tile 
measuring tube, the former is clampeil in a vertical position, to the bottom 
tube being fastened a short length of glass tube dipping into a'iieaker of 
water, the top being connected to the glass capillary tube .S. The levelling 
tube is then placed on the floor and the glass taps W, 1), and E arc opened in 
the above order (Jas streams into the measuring tube, the displaced water 
passing into the levelling tube. The gas drawn from the sample tube is 
replaced by water drawn up the tube from the beaker. Kathfcr more than 
100 e.c. of gas should be allowed to filter the measuring tube, the three 
glass taps are then closed, and the levelling tule placed on the bench. The 
apparatus should be allowed to stand for about two ininutcs, to allow the 
water ailhering to the walls of the burette to fuii to the bottom. The exact 
measuring of the 100 c c. of gas at atmospheric pressure is carried out by 
bringing the eyf; to fhe level of zero mark and compressing thj rnleher tjibing 
0 between the fingers until the liijn,T jtands exactly at the same. To reduce 
the os or-pressure in theTevelling tul^e whilti tUi rubber tube i &.pre 38cd tight, 
the taj) W is op'oufd foy a moment, 100 c.c. of ^the gas then staiSing under 
the required conditi^ms of teniperpture aiid pressure. This is confirmed by 
holdfng the two tubes by fhe iron feet so,that the moiiiscui^ hi both tubes are 
exactly' level. The'“biJi.tom, of the monisc'lii in the measifring lube should 
stand exactly at 0. * • ^ 

The absorption pipette sh 9 wvi in fig. 15 is one of .tfi'e setiej unod wib'i the 
apparatus and is known as the simple pipette. Th^ portion D is filled with. 
25 per cent, caustic potash solution, \Vhich r^aclws into tile syphon bend of 
the capillary tube up to the markiF, hie bulb E remaining nearjy empty. 
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In order to riiake an absorj)t»o«, the capillary U ttibe is oorftiect'ed \vith the 
bur9tte-by tlm capillary tube S.* The tap \V and the pinch-cock'V arc 
opened, and on niisinp; the le^olling: tube the jfAs is driven .over i*to I), 
where ij; dii^ilaces bq^iid into E. When the whole of the {jas has ffoen 
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' ' ' ‘ » 
before, liy lirin^iiip; the I'neniscus in licrth tn!)es to the same level. The 
reading is noted, the hijure rc])roHentmji; the number of t.c. of-ther'gas 
absorbed, or'otherwise tWe percentage of (parboil dioxide, cau.stic potash 
solution heing an excellent absorhont for this gas. t , , 

T!ie caustic potash pipette, is then replaced by a double pipette (fig. 16). 



Fic IG 


'I’he bulbs .\ and II are filled with pyrogalhiti' of potasli solution prepared by 
dissolving 110 grainines of pvrogallol in HOD o.c. of a 2.5 per cent, .solution of 
caustic potash, for the a1isoip( ion ol oxygen. The bulbs t'and Dare filled 
with water. The two Imlh.s and 1! work exactly as the two in the “simple 
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" X.' » " ’r >1 

pipette. The last two hull s tl and ,1) working witli them and merely serving 
as a protection for the jiyrogallate of jiotash solution frpm the oxygen of the 
air. The difference^ betweep^tlie levels in the burette before and afth’r the 
absorption heing the percentage of o.xygen. i. * _ 

The <r>cxt pipette contains fuming .snlph’arie acid for the absorption of 
olefines and benzene va)iour, tins being followed by another,double pipette 
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containing acid cuprous cliloride*BolBtion for the absorption o^'carbonic oxide, 
the'ftolu-tion bC;ing prepared by diss*olvi!ig 30 grains of the solid in 50 c.c. 
of water and 150 c.c. strong l^drochloric acid, solution being kipt in 
contact .with, copper strips, in order to keep it reduced. There is tlien toft 
for estimation, hydrogen, methane, and nitrogen. The burette coutsining 
the ujiabsorbed gases is connected to an aspirator bottle tilled with oxygon, and 
by lowering the levelling tube, oxygen is drawn into tlu^ burette until tho 
niijtture'of residual gases and o^^ygeif again show 100 c.c., the^tap being 
closrd when the*volume rises at atnios^ilieric pressure to that mark. 

The explo^iion pipette (fig. 17) is ihou attached, tho two bulbs A and l» 
being filled with mercury. The gases passed iiAo A and the glass tap (I and 
pinch-cock X are closed, the burette also laang disconnected. An electric 
spark is caused to pass across the top of the bulb A by coniiectnig the two 
wises P and S, fpsed throimh the walls of the bulb, U> either a magneto or to 
an iiidiv^tiop coil, driven by a dry battery. After the explosion open the tap 
C and re^onliect on the burette, pass the residual gases into tlie latter and 
measure tlie contraction. Hydrogen combining \«th the oxygen forms 
water, and methane on burning produces its own volume of carbon dio.xido. 
The amount of the latter produced is as(5ortained by passing the gases 
into the caustic potasli pipette again and measuring the further VontracUon. 

The contraction after the exj>losion, minus twice the volume of carbon 
dioxide found (representing the contraction due to the methane and its 
required oxygen), gives the contraetion due to the liydrogen and its rc<|nired 
amount of oxygen to form water vapour. Now, rj by volume of water vapour 
is liydrogen, therefore of this last portion of the contraction denotes the 
percentage of hydrogen. Nitrogen is obtained by subtraction 


E.mmple — 


PaoDUCKii (Jas. 


77/'.’ tol((J from 100 per cmL 


After juissiiig llie cn,uslic potash pipette 

,, ,, iiyiogallale <»i polasl*])ijiott'- 

,, finning siilphut 10 ac'd pqieUi* 

, ,, cnpions cliloridc pi|fetlo . 

l.’osi.lno left ... * 

Made up to . . . ^. 

AftiT exploding, eontiaotioii 

,, fli'c<|fid alisoTptioji liy c/uisti'- . 

Now hydrogen ‘21 't-(2 *8) ili'H - * . 

Nitrogen l)y diirerenco • . . 


lO'dc.c ahs(>i'hc‘<i• lO’G'’,, 
110^,, 

11 0 .. o-o\,,(;.jij. 

30-0 ,, ,, “lo#:;, CO. 

70’0 ,, 

lOO'O ,, witli oxygon. 

21*4 „ 

‘2‘2’2 ,, 0'8%CIl4. 

12 H.> 

r.7 0% N., 


ilOKiC OtjCN* (>AS. 

• * 


Example — 

After ])assing the caustic jiotasli inpette" 

,, ,, pyrogailate of iioiash yiTictte 

,, ,, nmiiifg sulphuric acTl pipette 

,, • ,, I uprous chloride pipcltr . ^ 

Rei^me left . 

IlalT this.vuluiae of ^ •made up to. 

' Aft6rj[‘X])loiiing, confra(’,l^|)ii 

,, second abyv^^btln’l hy caitstiC|j)otash K 
Now hydrogen 6S7-(2xU‘l) 40’5;V'^# 
Nitroge'?! by di'l'crtoce .... * 


• *2 0 ^ c ahstulied 
2*4 

4-3 „ • ,*,• 

9'8 „ 

, «0 2 

1W;0 
68-7 
82‘8 


2 0'‘'CO, 
0-4'C«b. • 

, CO. 


2-4' 

5-0- 


, with oxygen. 


14*1 


2 -28-2% CH 4 . 
- 54-0'fH.2. 
-- 8-0% Ng. 
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fc ^ ^ r 

Ors'at-LuAge Apparatus. —This ^pa'ra'tus (fig. 18) is contained in a 
wooded box with removable back and front for convenience of transport; and 
coijiaisiH of a measuring bitrotte B, having a capacity of 100 c.c., contained in 
a water jacket, and connected at its base with a levslling bottle A, the top 
communicating by means of thick-walled, parrow-bore, glass tubing, provided 
with four bra,nch tubes aijd stop-cocks, with four absorption pipettes, 1),^E, F, 
and G, filled with true glass tubes placed vertically so as to present a large 
surface to ,the, gas. The absorbent exjielled by the pressure of the gas pauses 
through a connecting tube into the rear j)ortion of tlie j'jipette, whi(di is 
similar in shape to the front jiortkni, but empty, the top being ooimected to 
small bladders, in order to 6.\clude air. The end of the capillary tube C 
communicating with the pipettes terminates in a tVree-v\ay cock, by means 
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of which the samjile is drawn into the ap|).iratu3, or the contents can be placed 
under atuiusplieric conditions. ' 

The pipettes I), K, and F are filled respectively wit! solutions* of caustic 
potash, pyrogallatc of potash, and acid ciiiironS, chlorjde, for the absorption of 
carbon dioxidev oxygon, and carbon' monoxide ; G is tilled with water and 
connected to the gtass capillary tube by means of a small Ifent tube 11 con- 
tainipg ])latiniim or palkdinm asbdstot, wjiich is arranged so that it can ho 
heated by the small spirit lamp K. • • * 

To carry out fin smdysis, nlaoe the water biittle A on tlte top of the case, 
auflgrpcp the tlired-way eock'lJ #o the atmosphere, allowing the burette B to 
fill with water up j;.j) tjie "capillaty mark.* *,Goniicct tlip o4d of the capillary 
tube Z with the gas supply* and thi^lower end of the three-way copk L with 
an india-rubber pump by monjis of which the air is remijved from the con¬ 
ducting tube. Tig' gas is, •now drawn into the burette t>/ lowering the 
water levelling bottle and turning t(!c three-waj cfcck tltroiigh 90 degreoii, 
thus opening the apparatus to the ps Sippply'at Z and cutting it off from the 
pump S. More than 100 c.c. of ga^ are drawn into the bunitte, thcUhree-way 
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cocjf is closed, and the gas cSmpreJsed until the water level^ises to the zero 
mart. ^ \ 

The connecting tubing is tlicn sijneozed by tlfo* fingers and‘the taf U is 
opened for a*i instant In order to put tho burette under atmospheric ])res8ure, 
when there will be exactly 100 e.c. of gas in the apparatus. Tho •three 
gasesk COj, O^, and CO arc then absorbed in order by raising the levelling 
bottle i',nd opening the tap on the corjespondiug pipette.* The absorption is 
hdfitened by passing;the gas from ^liej)nrette to the pipette and back, several 
timts, by alternately raising and lowering the levelling bottle. In each case, 
the absorption must be repeated until !i coi^sBuil reading is obtained on 
the burette, tho readings of the latter being taken .as with the flempel 
apparatus. 

The residual gas is halved by allowing a half of its volume to e.scape at L 
ami tho remainder made uj to 100 c.e. with oxygen,'all readings being made 
at atm»s]^ifiric pressure. The sjiirit lam|i is then lit, and when the tube II is 
hot, the mixture is forced through it into (1, couibiistinii taking place during 
its pas.sage. Complete eombustioii is assiin'd ly passing the gas three times 
through II. The total eoiitraetioii is measured, and the residual gas again 
passed into the caustic potash pijiette 1), the absorption representing nicthaiie. 
The per 'ciitage of hydrogen is calculated from the obtained data, in tho same 
iiiaimcr a.s with the Hemiiel apparatus; nitrogen being then obtained by 
ditlerencc. 

Calorific V'a.lue.--(Oali'iil(ilion froin An<rlj/s-is ).—When calorific values 
arc roipiired it is possilile to ealeiilate the same from tlie analysis, liy 
multiplying the percentage of each eomlmstible liy tlie calorific value 
of that gas and diviiiiiig the result by 100, tlic results being added 
fogother. 


Example- 


Combustibles. 

Analysih 

ll.Th Us 
|ier (lubic l''oot 

Hydrogen , 

54-1 

• 

^325 thei 

54 1 • 325 
' 100 

Methane 

34-2 , 

1024 „ 

,34-2 X 1024 
1^0 

Ethylen? 

• 30 

1(103 „ 

a-Ox 160.3 

• 100 

Benzene " , 

10 

3718 „ 

1 X 3718 
100 

Carbon mom.xide 

5-9 

• .^130* ., 

5-9 X 330 

« 



100 


Calorific value of gas in il.'I'li.U^i. per c*ibi8 foot 


IS.TIi.U.s. 
17f)'825 
350'208 
48'09 
37-I8 
iy-#7 
«a0-75.3 

■ t 


IJor practical estimations of caloeific vahibs sec “Calorimetry.” 

• * 

. Speciffc Sra\.’^ of Gas. —The specific’gravity ot a sample of gas can 
also be calculated from \he .anal vsis intthe same manner as the calorific value, 
substituting the specific gravity of f^io i^iistituents. The following is a list 
of the vAious gafcs :— 
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Clarboii dioxide CO, ,1'5^9' 

Oxygen ^ 0„ 1'1()5 

(Jarboii moiroxidc CO 955 
Melhane CH, ’562 ■ Airt,J‘000 

Ethyleiio <‘982 

Hydrogen Hj , '069 

Nitrogen IJj ’971 

• * 

'J'lic results obtained should bo chocked by estiinfttion 
in the following niiinnor:—A 500 o.c. round-bottom flask A 
(fig. 19) IS fitted with a rubber • stopper, through which 
passes one limb of a glass stoji-cock B. The flask and 
fittings are weighed dry, and then filled with water up to 
the stop-cock, and weighed agaiip 'I'he difl'ereiicc in weight 
gives the volume. The latter can also be estimated by filling 
with wa^er and nieasnriiig it out again by means of a care¬ 
fully graduated cylinder —the former method is, however, 
to be preferred. 

Into the flask is then poured 15 c.c. of water, the stop¬ 
cock IS opened and the water boiled until almost dry, the 
flask being then filled with .steam. Whilst boiling, close 
the stop-cock and take away the buiisen burner siraul- 
tancoiisly ; wrap the flask in a duster and cfftil under a 
water ta)), to the temperature of the room. 'W'eigh the 
a[iparatus. Connect S with the gas supply, and cautiously 
open B, admitting gas to the flask. \Vhcn filled, close I? 
and reweigh. Bour out the water from the flask into 'a 
weighed beaker, allowing ample time for drainage, and 
reweigh. The difl'ereiicc in weight represents the volume 
in o.c. of the water in th^p flask. This deducted from 
Fill. 10. ktie total volume of the flask gives the volume "of gas 
admitted, the w'eight of which is found from the difl’eronco 
of the (wo weighings, before and after Ailing the flask with the gas. 



Specific gravity 


\‘/eight in grams. 
Volume'm o.c. 
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FLOE.GASES. 


These are tested for carbon dio.'ii<le, o.'iyoen.jiuid carbon nioiio.xido, uanally 
in an Orsat-Lnnge appaiatiis. The Siunplc is ol)tainod by passing into the 
cliimney or fine an iron pipe about four feet in lengtii ami fitted with a 
rubber tube and pinch-coek, the liole round the ]npo tieing made air-tiglit 
with cement or fireclay. •The rubber tube is connected to a “Fletcher” 
aspirafor*iwd the pinch-cock is o[ieiicd. tfuses are diawii through the pipe, 
sweeping out the air present, due to the ilrauglitof the ehiniiicy. 'I'he piiich- 
cock is then closed, and the aspirator replaced by tin' sainjile bottle tig. M, 
or by the inlet to the Orsat a[)paratus. If the sample bottle is used, the 
lower limb must be sealed by moans of a short length of rubber tube 
being attached which di]>s info a beaker filled wifh water, tfiis preYcntiiig 
atmosjiheric air from being drawn info the sam|)le bottle by the pull of 
the chimney, d’he test is tb.en carried out in tlie, saiin' manner as with 
coal gas. 

COo Recorder.—There aie ijuitc a number of these iiistriinicnts on the 
market, two of which are here described 

, Thf “.S'/mmaMCc Afxuly’' CO., /I’mnv/cc (fig. '20).—There arc four vessels 
in this apparatus, which arc termed respectively : —'J’lie .‘si|)hon Tank B, 
Kxtr.ictjr 1), Recorder F, and Kill) Vessel I'k 

A small stream of water is the motive pv wer for effecting the whole 
of the operations dcscrib^l. 

The Siphox Tank is furnished with a heavy float (I, which rises 
slowly as the water fills up the tank, and falls ijuiekly a,s the .tank is 
emptied by^the action of the siphoti. , 

The Exthahtoh consists of a iftovablc gas chamber 1) attached to the 
float by means of a chain»M passing over two pulleys and working in an 

outer tank filled with water. • 

• . 

The Uecoiideii consistf^of a .‘tniall gas holder with internal standpipe 
and rising boll F sftspended from a sensitive balance S moving over a* 
divided soal«*N. • 


The (Iaustic 1‘otash (KHO^ taftk -E consistspf a steel tank fitted with 
gas inletwpple and outlet?, iftid fnrBishcd with an overflow pipe 1. closed 
with a pinch-ebek for drainftig off e.vcess. • • • 

A small Water Cistern K is fitted *vlift a jatcr (v:imioction and^eock X 
with ail injcctc^" noz/de A imiii^-tiately hijlow fo« c.xhausting the gasCi?, and 
a loosg valve .1 for discharging the^onteiitsi of t1ie*cisterii (piickly at the 
mmflent of sipboning ; a Waste Water Ta!^ and outlet Y is also arranged 
in bottonS of»case , .arry away the water after siphoning. 


bottle 


A nou-r((tuwi*liipi»d seal U on the gas inlet 1’, wilh a safety-seal babble 
tie T on the injection cfinnejtion 1", arc arranged on the jiide of the 


case. 
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'Actios of the"Recorder. 

H|at(!r iK f.Ilowed to fal',into till' tank B'from the cistern K. Assuming 
thSt tlio former is neai-ly full, ;ind tlie ttoiglited floai C tliore/ore Dear the 
to|), (hen, as the water still eontinnes to flow, the float will rise higher until 
it touches the end of the drip valve .1, quickening the supply and startling the 
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siphon, also actuating the pen (nok shown on drawing). As tlje water 
siphons out, the float drops and [)ull.s up the extracton D„and a chatgo of 
gas is drawn in from the ilug*])ipe through the non-return italvfc 11. The 
siphoning being finislied, and the wate^ still continuing 'to flpw, the float 
again risen and the extractor balls, gradn(|lly ftuil^ing up a pressure on the 
gas within, by the displacement of tlje surrounding water, sufficient vO force 








































FLUE (jASBS. 


. 25 

it through the KHO solution•afld out through vofit pipe h*•lInt^l the end of 
the’‘latter, whihh is fastened to thJ side of the extractor, is sealed -in tlie 
water in tlie tank. On this pofnt being reached,^tiie reniaindoi>.of Xhe iaii^le 
passes pp iijto tlie rsoording toll as the extractor is lowered further into 
its tank. ^ • 

'I'he amount of gas trapped off in 0 by the sealing of the vent pipe, when 
transferred through the KilO, is jiftt snllicient to raise ^he recording bell h' 
fr«m l(Jt) to 0 when the apparal^is is* working on air contaiiyngpractically 
no<JO.,. Wheif working on fine gas AacLly the same (jnantity is ])assed from 
the extractoi;!), but on its passage the 110„ is absorbed by the action of the 
KHO, and owing to sucji absorption the recolder bell K will not rise to its 
full height. It is allowed to anlomatically rise as far .as it will and a pen 
then marks on the chart its final position, 
oii the reading, can be taken from the 
scale {1. ^riie pcrccntago'of 00,j in the 
sample ft flnis aiiLoniatically recorded. 

The pen is brought into opciation by the. 
last upward movenicnt of the float, and 
the siphon again discharges and the 
whole operation is repeated , the bell K 
being vented and the an.alysed gasdriien 
out tlirongli the vent pipe U as the latter 
is drawn (jut of the water. 

It will be seen from the above that 
each sample is measured off under the 
same conditions of pressure, irrespective 
of the vacuum or pro.ssure at which the 
bulk of the gas may be, this instrument 
being cojistmctcd to work accurately up 
to 3” of vacuum. 

(2) The “Albion” COj Recorder. 

—Fig. 21 shows a diagrammatic section 
of the machine. A trickle of water runs 
into tank ^ until it overflows at the 
open end of pipe H, and falling into 
pan C, carried on lover 1^ pivoted at 
K, fills, and depresses same, oansiiig valve F .to lift, allowing the water 
in A to* run out quickly. Part pf the water being directed by pipe G 
into pan, keeps it full^until\he water in'A has fallen to level of valve’box, 
when the siphon in pan C empties it, and the valve is cioseil by balance 
woiglit H. 'flic filling action then rocomtiieiiees, and the oyelc of operations 
is continued automatically. Tlu^ \va^,er supply caa.be regulated to ^ive a 
record eve^iour to ten minute? as desAcd. . 

During the Hall of water fn tank A Jlue gas is dmwn flirongh pipe I, and 
its water seal .1, and hlls chamber R, and*on*the*'etnrn*of the wat^jr, pjijft of 
this enclosed ga^ passes by pi],»*A. through the*wi^eij,scal in box»M, and 
escapes.to the .atmospliere through pi^ie N. ^Vlicn the water re,aches the 
low(jj*eiid of the,pip» L, the reiiiaindcr of t|i« gas being entrapped is passed 
through tife c»pilk. ?ube to the potash vtijisel P, lijibbling through the 
solution whic^i ajisorbif thp C(),^, au(^ the remainder collected under cone Q 
passes up the connecting pipft y|>to Jjell R, causing it to lift. iSinoe the 
pipe L* is movable up or down, the, quantity of gas retained in the 

- f 
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uppM- ftarfc of ‘K can bfl accurately adjusted, and when once set needs 
no coiyection. ’ ‘ ' 

^Tbe fall trf the water tig A uncovers that end of pipe S, which being a 
branch from (J allows the gas in Jl to escape, and the bell to fall fo it^ norhial 
position as shown. 

The bell IJ. is connected by a chain to t!ie quadrant T balanced by weight 
U, and this revolvas until 80 per cent, ol the full stroke of bell is completed, 
when tlie stop, V engages with the pbu l^ver W and dm)resses saiiie, and a 
line is drawn by pen on tlic chart V carried on a clockworlf drivcn drum. 

It IS obvious that the lift of th« ‘bell will vary according to the amount of 
COj gas absorbed by the caustic potash, and the length of line drawn on chart 
will be longer when the proportion of CO.^ is smaller, and vice versa. 'The bell 
is accurately balanced at all parts of its stroke by the varying radii of the 
quadrant, and the gas is' under constant pressure. , 

The water level in bell tank, and ihe seals .1' and M are aiitonijitically 
maintained by ports communicating with llie main 



tank A. Adjusting screws on the base plate pei'rait of 
quick levelling of the inacliine, which is ■usually con¬ 
tained in a strong lock up metal case with glass door. 

Sulphur Dioxide. —'Tins is estimated by means of 
a “ T'letclier ” as]iirator (fig. ii^). fi'O c.c. of hydrogen 
pero.vide and IfiO c.c. of distilled water are placed in 
the aspirator and half a cubic foot of gas,is washed 
with it, by filling the aspirator, which holds cubic 
foot, five times, thoroughly shaking each time 'The 
solution is then poured into a white basin, the aspir¬ 
ator rinsed out with distilled water and the washings 
also added. .Methyl orange is added, and the whole is 
titrated with a standard solution of .sodium n'lrhoiiate. 
'The test is based upon the reaction 

ll,(),-l-‘.SO,_, = H,SO,. 


Fill. 22. qqje amount of siilphii’-ic acid being found by titration, 

• , and this being c.alciilated to sulphur dioxiyle. With a 

normal solVitiou of sodium carbonate,, a ’certain amount of calculation is 
necessary for each estimation, therefore iisiialjv where a number of tests 
have to be carried out daily, a standard solntiou is prepared, 1 c.c. of which 
represents J grain of SO^. Hence it J cubic foot of< gas is \va,ihod, the 
niiuiber of c.c. neutralised will represent the 'nuinbi^r of grains of SOj per 
cubic foot of ga^ 

Another method*depends upon the reaction of SOj with iotiiiie soliikloii— 
a measured quantity of.khe gases beiii^'pajjsed through the standard solution 
of iodine. 'The standard solutions‘used fbr this cstimation^nay be the 
N/10 solutions, in ^likh case 1 c.c. of Jlie iodine (and thoreforff indirectly 1 c.c. 
of j,l)c tkiosidphato) is cq«ivatenlf to 0-(?0.12 gram of sulphur dio.xide. It 
is mor# convcnicii/r, ljo"d‘ver, and simpUTes the oalculiViioiis, to employ 
solutions of such a strength that It c.c. shall equal 1 c.c. SO.^ measured at 
N.T.P., i.e. 0'0028(i7 gram instead of 0'U032 i^am. Such solutions 
will contain 1T379, grams c^'iodiiio, and 22'22 gramS of sodiusn Sniosnlphate 
per litre respectively, and they may ,be prepared «tlicr ,by, weighing out' 
these qumtities, or by diluting tlie^ord^iary'N/lO solutions; 100 c.c. of the 
N/10 solution (both the iodine and tlje thiosulphate) being diluted to id 1 6 c.c. 
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Incases where the percentage "of |ulphur dioxide'in the gaf under txamina- 
tion'is Very small, it is better to employ solutions of one-tenth this strength, in 
which 1 c.c. is equivalent to Ojl o.c. SOj. One hrtndrod cuhio uentimatrqg of 
the standard iodine solution are placed in a flask fitted with a cork carrying 
two tubes, one reaching to the l^jttom, while tlie other ends just bel»w the 
cork, as shown (fig. 23). The former of these tulf’s is conuc^ed to a piece 
of narr(iw metal pipe G, which is thrust into the flue through which the furnace 
gitses are passijig. , The other tube js attached to tlie largo.boyle A, filled 
wit^i water, which serves as an aspirator.^ The water is allowed to flow slowly 
out of the bottle by means of the screw clamp, and is received in a litre 
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cylinder. The flask joutaiuing the iodiife is shaken at freijucut intervals 
durmg the process. When the cylinder is full to the litregmark, it is either' 
changed or the clamp is closed for a moment while the eylindcr is emptied and 
then reopened—a record b^ng jnade o1' the number of litres thus drawn off. 
During tiVS' e.xjierinient the tcihperatilre of the water is taken (whiclf will be 
the temperature of the gas); and the Ijeight of the bsrtrndter is noted. When 
8 or 10 litres of gas have in this way‘bemi aspirated through J;h* iodine 
solution, the pnecess is stoppedlfilnd 25 c>c. of tlfc igdipf are transferred to a 
hcakereind titrated with the standard tliiosulpltate. As soon as the rod-brown 
colijilr of, the iadine jolution changes to straw colour, one or two drops of 
dilute sta!oh%ol.i arc added, and the thioSwlphate inJmittod drop by drop, 
until the blue colour fk dischiygcd. duplicate titration is made in a second 
portion ol the solution. 
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. 8 litres, 

n" C. 
760 mm. 

7'0.'iJ'7 litres 
at N.T.r. 


Exahple — 

' G(U drawn from thejlne of a coke fur'qo.ce. 

Volume of water cfrfiwn from aspiratw . 

Temperature . . . . . , 

Atmosplierie pressure 

» * * 8 X *^73 

Therefore volume of gas operated upoii = —UDi— 

100 c.c. of iodine employed in tJie absorption flask. 

(1 c.c. = 1 c.c. tliJliBulplmte OT c c. SO., at N.T.D.) 

After absorption, 25 c.c. iodine solution required 17 c.c. thiosulidiate. 
Volume of thiosulphate required for 100 c.c. = 17 4 = 68 c.c. 

and volume of SO., absorbed = ,3'2 c.r.. <■ 

10 • " 

Hence 7,530 7 c.c. of the furnace gases contain 3-2 c.c SO^; 

3-2 100 ^ ,.,r , y,, , , 

or ~ — = 0 125 nerceutage ,SO., tiv volume. 

7530'7 ‘ s, 2 2 
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TAR DISTIJ-LATION PLANf. 

The Testing of Coal Tar. - Spe(^^[{r (h'<fvl.t}j.--V\Mi speoific of 

samplos of tars taken from various coke ovou J)lanls vary considerably, duo 
to tlie different coiiditioift^ nndf'r which tiie tar is extracted from the {^as, and 
to the temperature of carbouisatum. With thin tars, a fairly apj)roxiinate 
result can be obtained by means of a Twaddle’s liydrf)meter 
—the sample first being l^ronghl to GO'' K.; but with thick 
tar other*n%thods have to l:)e used. The Author favours the 
use of the special specitie gravity bottle, designed^by Lunge 
and shown in tig. 24. Tlie operation is performed us wlum 
estimating the specitie gravity of xsolids thus :— 

( 1 ) Wcigiit of bottle empty,. 

(2) ,, filled with water at G0“ F., . - h 

(.4) „ filled witli tar, . . , ~c 

(4) • 5 n 7 remainder 

heiing filled up to the rill (u) 
with water, . . . 

The speemo gravity 

Tar containing water kIiouM first l)e dehydrated. 

The specific gravity is a j^)od guide as to the pcrccntiige of free carbon, 
the latter rising with the speeilic gravity. 

Free Carbon. —(«) Kor ^•(mgl) comparisons of various t^rs the 
crucible test can be applied, as when testing coals—the free carj^ion being 
loft liehind after the volatile hyflroqirhons h.avc been driven off. 'I'his test 
can bo very advantageously applied as a daily test of the quality of tar ma^lc, 
since any slight variation (?i' (piality will be iniipediately observed, and more 
thorougli tests can., be applied. 

(b) An extraction thiinbli?is placed intaa Soxhlet’s apparatus and exti*acted 
iirsL with .90'' benzol, tbeii with rectified xylene, and tiiially again with 90“ 
beinSOl, driecrtiud weighed. 'I'cn grams of the sample ivrc then weiglied into 
the thimble, the latter fixed again in the apparatus and extracted as before, 
oxtracting..»-0 to 50 times with «ach solvent and until it rims away colourless. 
The thimble iif then remowid from the Soxhlet tub% djiccl in a steam oven 
and weighed. Hooper rccomnienfls oxtractfon tiings each 90" 

benzol, (A) recti^d pp’idiue bi^ss, and (cj nnmiHeraliscd methylatjjcl "spirit. 
Church’s apparatus' is useful where a,.Soxhlet’* apparatus is unobtamahlo.^ 

Moisture. 7 -20(1 grams of tar are mixejl witli 2,5 c c. benzol and 25 c.c. 
toluol, this wkolo ’ ' ■ V transferred to a disUyation flask or retort, and very 
slowly distillled uf to *200“ 0. The distillate, composed''of water, lienzol, and 

^ toal Tar }HsiUlatioiiy by A. R W^rups. ]i. 229. 

See ulsc^piehnann anfl Wood^ metnod, Fne. ('arbon in Fitch, p. 40. 

? 9 ‘'' 
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toluol, ig collect|d1n a'grad’iated cjlindei;an(J tjie amount of water read off; 
By carrying this test through slowly, the whole of the water is distilled ever 
in Ics^ than 1 hour without frothing. Another method is to dry lOO grams 
of'tar in a porcelain basih over a water bath until a constant weight is 
obtained, but this is only applicable to heavy tars such as-those obtaiifed from 
gas producers, etc., and which contain no low boiling substances, which would 
evaporate wiOii the water,'thus giving an erroneous figure. ' 

Distillation Test.- -The laboratory distillation tests of tar arr at best 
only a rough' guide as to the yields, on' a large scale, however, to a, lar 
distiller they are invaluable, since they give a comparison of the value of the 
samples against that of a standard tar, the practical yields of which are 
known. ' 

Iter laboratory testing 2240 grams are taken, each gram yield then 
representing a yield of 1.1b. per ton of tar. 

Ex.actly 2240 grams of tar arc weighed into a<eopper retort, fitted with a 
thermometer registering u]) to 400" (!., and connected to a Liebig non'denser, 
24 inches long. The side of the retort is very gradually heated by means of 
a bnnsen burner, no heat being applied to the tiottom during the first hour, 
at the end of which time the flame is increased and allowed to play all round 
the up])or part of the retort. When the thermometer registers about 80° C. 
the neck of the retort should be slowly heated, also the base of the retort 
should bo heated at intervals, until the temperature rises to about 90" C., when 
oil and water will come over freely. At this stage the distillation must not 
be hurried, since, so long as there is water present, there is always the danger 
of the mixture frothing over; the test being thereby spoiled. At first bar 
more water comes over than oil, but as the tcm])eratiire risee more oil comes 
over and less wal,cr, until at about IX.h'C. no more water is seen in the 
distillate, the latter being a greenish yellow coloured oil. At this point the 
distillation is stopped. The distillate transferred to a separating funnel, and 
the water or ammoniacal liipior is run off into a tared 100 c.c. measuring 
cylinder and weighed, the volume at 60° E. Ijeing also noted. The specific 
gravity is calculated from these, and the ammonia content estimated by 
titratiijn with N/1 sulphuric acid. 

When the retort has been allowed to cool down, the separated oils from 
the (listdlaite aft-e returned to the retort; which is well shaken, and the 
distillation restarted, this time on dehydrated tar. 

At first heat is slowly apjilicd, but as the temjierature rises it is increased. 
Distillation commences, with normal tar, at from 70°, to, 80° C'., afjer which 
the •temperature rapidly rises tp 120°'C., ri.-i.ng from this temperature 
more gradually. * 

The distillate up.to 175°C. is collected in a tared measurin-g cylinder, at 
which temperature the cylinder is »haiiged, being replaced by a larger one. 
The temperature is raised, the distillate cohiing over at a ratc^jf one drop 
per second. T!ic*wa^(^-jacket of the Liebig condenser is emptied at this 
stage |is a safeguarjl against kiie ,coifdent,er blocking up with naphthalene. 
The* teco^'cr is again chaiiged when a temperature of 220° C. is reached, 
and again at 27.')''0?,*th*e la.st|fraction being collected up to 530° C. 

We have thus—(1) ammoniac.al fiquor, (2) crude benzol up to ’i?/)’ C., 
(3) carbolic oils from 175° C. to.^'A)" C., (4) creosote oilsfroin 5!2fi° C(-'tct.27.*° C., 
(5) anthracene oil frSni 275° C. to 330° C., (6) pitch rcsidilb. Fractions Nos.- 
1, 2, and^ are separately washed for crJi^e tar ucidk and crude pyridine bases. 
The tar acids aro extracted by mbansYif caustic soda, an,aqueous ^'olution 
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of which should be at 20° Tw (1»10 speoifio gravity). TJIns ’Bolution is 

boated to about 50” C. The crude Benzol fraction after weighing is put into 
a separating funnel, and washedtwith 10 per cepf.of its own i»oluine if the 
caustic .spda .'jplution fos three minutes, by vigorously .shaking the mixture, affer 
which it is allowed to settle and the aqueous layer run into a flask. A second 
wash is proceeded with, using hiilf the amount of caustic soda solution 
previously used, the latter also boTng added to *tho flask. *The sodium 
])h*uato"liquor is acidified witli 4(^° T. ^1 '20 specific gravity) sulphuric acid 
soliftion, at the i!hm? time being kept cfbol under the water tap. ° lifiiiiediately 
the solution becomes acid the tar acids sfparate out in the form of a black 
oil which rises and forms a layer on the siirfae^ ; they arc allowed to settle, 
so)iarated, and run into a tared measure. 'I'lie tar acids are extracted from 
the carbolic oil in the sariui manner, but the first wash is carried out with 
double its voliinje of caustic soda solution, the second, and third washes with 
half tliis amount. The acidifying is the same as with the crude benzol 
fraction, tlie^'ield of tar acids being added to the tared nieasuro containing 
the yield from the crude benzol fraction. The tot#l yield is weighed, the 
weight in grams representing the yield in lbs. per ton of tar. 

I’yridiiie bases are e.xtracted by washing with 50 per cent, siilplniric 
acid, 25 pov cent, of tlie voliiiiie of the oils being tested being used three 
times. After allowing to settle, the acid layers are run off into a flask, made 
alkaline with 40° Tw, caustic soda solution, the mixture tlieii being steamed, 
distilled, tjie distillate jilaccd in a separating fuuiiel, 90° Tw. caustic soda 
solution added until no more eii separates, the whole allowed to settle, the 
pyridine bases being weighed along with the washed benzol and light oil 
fractious. 

• The washed crude benzols aud light oils are mixed together and 
transferred to a glass retort and distilled at a rate of 1 drop per scfoiid, 
separate *'eceivcrs being used for the fractions, (li up to 100°0., (2) 100° 0. 
to 120° C., (.'!) 120° C. to 160° C., and (1) 160 *(1. to 190" C., the residue being 
added to tlie creosote oil fraotiaii. 

The ereowle ail fraction usually contains a large amount of naphthalene. 
It is kept at a temperature of 60° F. for six hours. It is then filtered by 
means of a jjlter pump, until no more oil passes from it, the naphtluilene on 
the tiller paper being then pressed Jiotwcon other filter pa’persf? until free 
frnm uil (an old letter-presj being excellent for this purpose), and weighed. 
The filtered oil, after washing out the tar acids iiiid pyridine bases, is trans¬ 
ferred t(Pa. tared measurihg cylinder, iveiglied, and the volume noted, since 
the specific gravity of ^ho vifrions fractionn is necessary to calculate weight 
into galls, per ton of tar. ^ 

'Hie anthrTtcene oil fraction contains a largo amount ♦if anthracene. It is 
therefore cooled to 60° F. for six Ijoni^, fifbered, and pressed in the saihe way 
as in the creosote oil fraction. The anthracene cake thus o^btained i? dried 
at 100°C. for two hours, ciftilcd and ^veighed. Thawolfline and weight of 
the filtered oil is also taken. * • * » • 

The [litcli is jlso weighed anii*c»ilcnlate(l to on« top o^ tar. 

Tlicj'osults of the analysis would butabnlatfd as folfows;— 

• 

1. ' .“iioni'ical liquor. 

2. *He*/.ol (up to 100°0.). 

.3. Toluol (100° 0. to 120° C.). 

A. Xylene fl 20° C. to 1^0° C.). 
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f' S. Naphwia (160° C. to 190''Cr). 

6. Crude tar acids. ‘ 

7. (!rudo,]jyridiiio bases. <• 

8. Washed creosote oil (190*0. to 270” C.). 

9. Naphthalene. 

10. Antliraceno oil (270° (1 to .^.'SO” (!,). 

11. Anthracene. 

12. I'itch. 
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TESTINti OF THE FRACTIONS OF TAR 
DISTILLAPIOH. 

I* 

(a) Crude Jien:oL —For analysis of tins fraction see crude 05“ benzol, 
page 01. 

{h) Crude 'I'ur Aciih. ■—'^'bcse are a mixture of pltonol, ortlia-, nieta-, and 
para-uronolj ; ortlia-, niota-, and para xylols, and phenols of the anthracene 
series, together with small amounts of naphthalene and water. 

These are usually tested, before further Lreatmon#, for the crystallisation 
point, and for the percentage of water, also for its specific gravity. 

Specific Gravity. —'I'his is determined usually by means of a hydrometer 
or a specific gravity bottle, the sample being first brought to 00° F. 

Crystallisation Point and Water Content. —100 c.c. of the crude 
acids are placed in a retort and distilled slowly, the fractioms being collected 
from the baak of the retort in dry measuring cylinders. All the water and 
10 c.c. of the oil is collected in the first cylinder, the next 02’.5 c.c. being 
'collected in the second. The jKircentage of W'ater is ascertained from the 
first cylinder; the second one is cooled slowly to near the expected crystallisa¬ 
tion point, when a crystal of pure phenol is added, and the cooling continued, 
stirring continually with a F-alu'enheit thermometer graxluated in tenthsmf a 
degree. *\'hen the distillate is crystalline throughout, the temperature 
registered on the thermometer is taken as the crystallisation point. 

Carbolic Acid in Crud? Phenols.— Mm. Rend Mas.so .and Honri 
Leronse presented to the I'h'oiicli Academy of Sciences, 9th Oct. 1916, a note 
iijioii ‘ carbolic acid and the estinftaion of this in crude phenols froifi tar. 
The method tttill in use for the prijparation of carbolic acid is tJiat jjetised by 
Ijaiirent in 18+1, namely, (1) the sefiaration of jibenols from creosote oils 
by shaking up with soda ; (2)»the acidification to set free the crude phenols; 
and (•‘i) the extraction of the carbolic acid by rectititiations and crystallisatipns. 

(iood c*l'iide phendl, free f.;uni naphthalene, contains water, carbolic a^id, 
ortha-crc.Hol, nicta-cresol^jara-cresol,xylols, an‘f?tiomologues, and phenolic tarry 
matters The^cheinical properties of carbolic acid and thi> cresols are so 
nearly related that tliere is no simple ijiagent which can feparate them; thus 
Koppeschaar’s bromine nietho(J will not work if both 'ortha-cresol and ijieta- 
cresol be present.^ The physical properties on the other hand do enable us to 
discriminate. The boiling points of,ph»nol (cjrbolic liSid), and ortha-cresol, 
rneta-cresol, and para-crcsol at 760 mm. bafometric* pressilre are resj«c®Ji»ly 
182°, 191'0°, 201'd“, and 201'2° Those of the .xylol* as* 220° and 825° C. 
By fractk'ually distilling up to 203° C.^ then Iractionally distilling up to 
198° (i.%ve^an find thti i,juantity of carbolic a«id in each of these fractions by 
(Jetermining* tliKr -[.cctivo orystidlisatiou points. t!«mmercial carbolic 
acid called 40° to 42"'’ha8. a melting, or solidifying point slightly aliove 


* Gas Jf^orhl, 9th Due*. p. 519, 
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40° C. ;• pure Oirbolic acid having 40'8S° Ct . When we add creaols to pure 
carbolic itbid, the melting point falls Steadily, and that to very nearly the 
same, ox tent; whatever Ih', tlie relative proportions of the three cresols, so 
long as the cresols added do not exceed ifS [>cr cent, of the whole. The 
molting point of the mixture thus depends on the percentage o^ carbolic acid, 
and the curve of melting points is a straight line joining the two points 
(phenol lOO' per i^ent., melting point 40 r).5° C.), and (66 per cent., ntblting 
point 21° C ). This is the basis of the following working method. 

Three'kilograms of crude acids art* put in a four litrb copper still with a ' 
Vigreux column of 24 inches. The distillation is maintained at 7 to 8 c.c. per 
minute, and the following fractions arc taken : 

(a) up to 180“ C. ( = water and phenols). 

{/,) 180“C. to 20.rc. 

(c) above 20.1” (1., 100 c.c. only arc taken. 

To (o) add enough chloride of sodium (.S.b per cent.) to precipitate the 
phenols contained in it; decant these phenols and add them to {/>). Put (i) 
into a flask of suflicient size; wash out the vessels with liipiid (r), and add 
this to (/>). .The liquid (A) with its additions is now fractionally distilled at 
4 c.c. per minute. 

The fractions taken are from 2.b0 to .lOO grams each, until the temper¬ 
ature of the vapours reaches 19.S°C. The solidification point of each fraction 
is then determined. A test-tube determination gives a rough indication, but 
with 30 to 40 grams, allowed to cool slowly until supercooled by 1° or 2°,^ 
the addition of a trace of crystallised carbolic acid determines crystallisation, 
and the temperature goes up to the true molting point. If in the test-tube 
trial the reijuired temperature is below 21 “C. add carbolic in known quantity 
Buflfeient to bring the percentage of carbolic acid .above (iO. 

This method enables the carbolic acid in a crude phenol to b? estimated 
within one per cent, which is as near as could bo expected with so comjilex a 
mixture as crude phenols. 


CifEsyi.Ki.AciD, Skpahation or Tsoxieric Forms or Ciibrvao Acid. 

The separation of the isomers, incta-, ])ara-, and ortha-cresylic acids, can be 
carried out in the same planner as the practical process (German patents 
137584 and 141421). According to this method the oojnmcrcial cjfesol which 
cofttains meta- and p,ara cresol after the sopar,auion of the ortha derivatives by 
freezing is hea(.ed with anhydrous oxalic acid, or an anhydrous avoid oxalate. 
This produces pars-cresol ester of oxalic acid which is rert.ovcd from the 
solution by crystallisiitiou, whili! the meta-cresol, which is not estcrified, 
remilins dissolved. The ester is a colourless kolid substance, which is soluble 
in alcohol, ether,‘aiiA glacial acetic acid, but insoluble in benzene. It can bo 
purif>e(\ by sublinintion afid decomposed' by water. 

T’lp; meta- and^ jiara-cvesols qan be sejif rated also by obtaining the former 
in the form of a sulphotio acid, by treating the mixture with sodium 
bisulphate containing pyrosulphate at a temperature ,of \00“ to l)i0° C., and 
separating tlio sulphonic jicids obtained, or their* sodiunx salts, from the 
unchanged para-cresol. . 

Wrter. —100 c.c. of the sample a'c carefully distilled ih an 8-oz. retort 
until all the water and part of the oil have distilled over, beipg collected in a 
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grad,uated cylinder; petroleum cthpr is added and the whole tlioroughly 
shaken and allowed to stand, when a clear reading may ho obtained. 

Distillation Test. —100 clc. of the sample arc distilled from a dTstilTa- 
tion flask to which is cbiineoted an air cooled condenser, the di.stillate ^cing 
measured for every ”C. rise from 194° C. 

to 2Q4 C. , ^ A . . -^ L^roV>/tcp pump 

Neutral Oils. —100 grams of th§ " ' 
sanij)le are we|l %liaken with 1 SO 
per cent, solution of caustic so<ia, and 
allowed to stand. If all the oil has dis¬ 
solved without turbidity, no neutral oils 
are present; but if a turbidity is per¬ 
ceived, the whole should be extracted 
with petroleum "ether, tlie Matter, after 
standing, ,lss]ng separated from the Fio. 25. 

sodium cresylate solution, the petroleum 

ether slowly evaporated in a tared beaker, and the neutral oils left, and 
weighed. 

Sulphuretted Hydrogen. —liO c.c. of the sample arc placed in the 
flask A (fig, 2.')), fitted with itdet and nutlet tubes, the inlet tube dipping 

_ into the cresol and the outer tube connected to another flask li, 

which in its turn is connected to a filter ])ump. A piece of lead 
acetate paper hangs in li over the air inlet tube. The pump is 
started, and air is drawn through the cresol into the second bottle H, 
where it comes into contact with the lead acetate paper The time 
is noted for the (lapcr to blacken, (food crosols will not blacken 
the paper until after 15 minutes. 


PvaiDiNE T!a.se.s, 

Water.- —The percentage of water is determined by means of 
a carbon colour-test tube <fig. 26), graduated into ,',-|ths of & c.c. 
This piece of apparatus can easily lie made from a hrok^i tiurette 
by cutting off a suitable length and sealing the end in a blow-pipe 
flame. Into the tub(^23 c.c. of 80° Tw, caustic soda solution (which 
must bo perfectly clear) are carefully run, and, if necessary, adjusted, 
after standing a show time. , _ 

To this, 2.5 j!.c. or the sample are added, a cork inserted into 
the neck, and the contents gently shaken, after w4iich they are 
alloweiPto stand for a short time to separate, the "increase in volume 
of the caustic soda ^ solgtioiT indicating the amount of i^ter 
present. * ‘ • 

Distillation. —2D® c.c. of ghe sample ifr# dried by washing 
with 80° Tw. caustic soda solution, and AlistillAl from a'r'lfind- 
bottomed flask fg^ed with a fr^tionating head'of. tb« Hel Ileimiuger 
type, the following fractions being measuBsd and imported ; 

(d) 411 * ': ‘'•140°C. (reiineifpyyidine). 

(2) 140“.t;. til 160°C. (refined heavy pyriJinc). 

(3) *160° C. to 180° 0.- ,(lieavy pyridine bases). 

Creosote Oil,— S2>ectfic Gravity .—This is usually determined by means 


I’ic. 26. 
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of a hydronietof at the ttmiperatiire at wjiich* the oil is fully fluid; a correc¬ 
tion being made for the tem])erature. Lunge gives us the following fable 
from which we can calculate the true specific gravity of the oil at 60” F. 


T^iiLE roll iliiDUeiNii the .Specieic Ouavity ok O11.S. 
(1.) For s])ecifi(. gravities of 'SOO ijnd downwards. 


Dc'grecs C 

2 

4 

6.' 1 
1 ; 


8 

-4- If 

j 10 i 12 j 

13,1 

1 

Deduct 

•0106 ! 

! 

•009 

1 

008 

j *006 

0045 : 

■003 

•002 

0 

Degrees C. 

171 

i 

1 

21 j 



23 *' 

25 

27 

' 1 

, 29 

Add 

•001 


*004 



•0055 ! 

1 

007 

•oos 

•010 


(’2.) For specific gravities between 880 and ’yt’O. 


DFgifOsr. 

2 


4 


7 

» 1 

1 

m 

1 

14 

Dethict ! 

i 01 

■01)85 

•0075 

0065 

i 

•005 1 

004 ' 

•0025 

•001 

Degrees C. ! 

i.H 


19 


201 

22 

24 ' 

! 

2.0 i 

i 

t 

29 

Ad.l 

0 

i 

•001 

■0025 

• 003 ; 

, -OOS.' 

; ■006 

•007 

■008 

1 :0095 


(.3.)‘'Fpr specific gravities between •1)20 and 'OGO. 


Degrees G 


3 ! 

-.1 

41, 

6 . 

7 


‘ 10 

,''•’— 1 

Hi 

13 i 

14 

15i 

Deduet 

•01 

t 

•009 1 

1 

•008 

■ooV 

•000 

•005 ! 

1 

•004 ; 

1 

•003 

■002 

•001 

0 

Degrees 

c 

17 

c 

18 i 

. 19-- 

21 ‘ 

1 

[ 

2»1 

i 

24 

(’ *■ 

i 

25 

■20 J 

28 

«> 

29i 


Add 

•001 

•oo5 ' 

* 

i 003 

» 

^•004 , 

'00,5, 

•006 * 

' *007 

•008 

-009 

*010 



(4.) For spooiific graviisies abov.e ’960, add '001 for every depee above 

15° C. .. « 

» ' 

Water.— -Thit; is deterniincd by distilling 100 o.c. of thd oil’from a retort 
until im more water is given off, and addirig to tlfe distillate, consisting of 
oil and*water, about 10 c.c. benzol, which will result in a clear reading being 
obtained. 
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•Pistilling; Range. —105 o.c. tf the sample are placed in# 6 oz. retort, 
provided with a thermometer,^ the bulb of which^is fixed | of.au inch frgni 
the bottom. In place of a condenser a length of glass tube 2 feet long auTl 1 
inch wide iif used. 'Hie retort is heated by a .small flame and the drop point 
is noted, i.e. the temperature at wdiich the first drop runs into the graduated 
cylisder used as a receiver. 'Pho distillatiou is cift’ried on at tfte rate of two 
drops pjr second, and the amount distilled over is measured every 10' C. rise 
fr?nn 200° to 3(i0 °tt. when the bidnc* is removed. ' • 

If much water is present, the distillation should be stopped at 200° C., any 
oil distilled bver separated from the water and returned to the 
flask, when the latter has cooled, the distillation then being 
recommenced. 

Phenols .—'I'he distillate is washed three to Jour times 
with warm 20“‘Tw. causticeoda solution, running the phenolate 
solutidns«i«|,p a separating funnel and acidifying with 10° Tw. 
sulphuric acid. The whole is allowed to stand for an hour, and 
the layer of crude phenols measured. 

Naphthalene. —The washed oil is then allowed to stand 
for 24 hours at 60°!''., filtered by means of a filter pump, the, 
precipitated naphthalene pressed between filter papers untd 
free from oil, and weighed. According to a pamphlet circulated 
Docend)er 1917, the Controller of Munitions Mineral Oil Pro¬ 
duction rdbommends the method described by .1. (I Mann, which 
is analogous to the method commonly employed for ascertaining 
the crystallising point of commercial carbolic acid. 'I'lie appa¬ 
ratus (fig. 27) consists of a test-tube about 4 to 5 inches long, 
and g-inch diameter, fitted concentrically, by means of a bored 
cork in a wider tc.st tube about 7 inches long by I I inches 
diameter* the space between the two tubes forming an air- 
jacket. The combined tubes ^re placed vertically in a vessel 
of suitable size, filled with water. The inner test-tube is fitted 
with an accurate thermometer capable of being read to '2° C. or 
•5° F. fixed concentrically within tVe tube by means of a bored , 

cork, the bulb of the thermometer bojng fi.xcd at a height whi'ch *-- 

allows of the temperatures f)’ to 20“ C. or 40° to 70° F. being 
conveniently read off'. Tlfe tube is also provided with a '• 

stirrer p^adc of couper \vi^, a nick being cut in the side of 
cork carrying the tliermoiifttor to* allow .of this stirrer being moved up 
and down.. In carryffig out the test, an average sample^of the creosote 
previtmsly fi»ed from traces of water by shaking with ignited calcium 
chloride, is first cooled ipiickly, st»rri.^g with the thermometer, and aii 
approximate idea of the crystJlllkuig jioint gained by noting Jho teinjiftature 
at which naphthalene separation is manifest. 'IJii inner tube of the 
apparatus is then filled with the drieS samjfle o4 the cijposote to abqpt two- 
thirds of its capacity, and so that the thennomcte»bulb is not less tnau'2 ac. 
below the surface of the creosote and ^he latter also well below the under 
side die cork of th^e air-jacket. 'I'he creosoje before adding must be at a 
temporatiwe ai^ vfl.’''' ^ is completely liquid.* • 

Water is then pfcici. rj in the water-jacket at a tomperatuTe of 2° to 3° C., lower 
than the appfoximate crystallising ppmt above observed, and the doable tube 
containing the ^reosote immersed‘comfiletely in the water to the level of 
the cork. 
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The'thermoliioter in the creosote is f hen o'bserved without stirrinj? until 
the full of temperature ceases. The creosote is then "vigorously stifred with 
thfl wire, when the tcmperfiture rises and the.'rise continues until a maximum 
is reached vvhicl) is noted. ' ' ' 

The maximum point attained is taken us the crystallising point. 

From a i curve plotted from the, following data the percentage of 
sample may he found. , 


naphthalene in an'j 

Percontiigv cf 
Nuplitlmlene. 

20 

25 

30 


Orystalli-siiig 

Point. 

30° tJ. 
34° C. 
40° C. 


Pnreentage of 
Nnphthalene. 

35 

40 ' 

45 


Crystallising 
Point 
45 "5° C. 
49-«°C. 
52° C. 


Pyridine Bases. —100 c.c. of tlie sample are distilled up to 300° C., .the 



Pig. 28 . 

0 , 


distill'itd washed tliree tpnes with 40 per cent, sulphuric acid, the acid 
extractions collectOi togetl^fr, and the pyridine bases th'rown out by the 
addition of 40° Tw. caustic soda solution. These are dried bjf shaking n,p with 
90° 'fw. soda solution, and mojsUred. i * 

Flash Point,“‘-Tho Ab51 apparatus is not suitabje fer testing the flash 
point of^reosote, the latter being too hVgh. Therfc are, howevef, other forms 
of apparatus -namely, (1) the Pensky-Marten, and (2) the,Gray—wihich are 
designed Ifir use with heavy oils. 
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(a) The Pemky-Marten Tester (fig* 28). The Clip is of the same dimensions 
as that 'of the Abel apparatus^ and the lid has an arrangement for the 
application of the test flame in«a similar manner'’to the one adopted'wiflj 
that instrument, but a modification enables the test to be applied by turning 
a non-conducting button, llefore Setermiuing the closed test, the cuji*and 
lid, with the attached stirrers, are wery thorough^ cleaned fftun any oil 
remainiiij; from a previous sample, ijy forcing the maTiipulating button 
up\f(jrds, the revolving plate on the*coiier may be removed, and 'the cleaning 
facilitated. If the oil last under examt- 
nation was of tl much more volatile nature 
than the sample in (juestion it may be 
well to reject the residt of the first test, 
using the first test as a means of freeing 
the •cup from aify foreign \Bpour. When 
thoroughljiol^ansed the cup must be filled 
to the line imscribed, the lid ])ut on so that 
it is well ‘home’ and the cup placed in the 
air-bath. The heating by means of a bunsen 
burner under the air-bath for at least 50" 
below the flash point is to be at the rate 
of 10° a minute, and the test is to be 
applied at every ‘2° h'. rise. During the 
whole e.vpetTment, the stirrers must be kept 
^revolving with a steady continuous motion, 
but during the actual application of the 
test-flamo it is usual to cease agitation. 

Care should be taken that in stirring none 
of the oil is thrown up on to the lid of 
the cup. * 

(h) The Gray Tester (fig. .29). The 
chief variation from the Pensky Marten 
consists in the means for rotating the 
stirrer and for applying the test-flame. 

Both these operations are performed from 
a non-conducting button fixed on the’ end 
of a horizontal shaft which a^o carries one 
of a pair o^ bevelled wheels,.^id is pierced 
by a short pin. The other OTvelled hvheel . 
is fixed on the upper enff of the spindle to 
whicli ,tho stisrer is attached. Thus by 
turning the button slowly by means oi it» 
handle the oil is kept gently ilgitated. In 
making a test the horizontal.shaft is slid back (a ccrji^n amdunt of “play ' 
being allowed it by the supports) imtiT tl\p irin epgages^with a pr^ection 
attached to the sliding cover of the lid, then, by grasping the button ifiiflf 
and turning it firilTly the cover is o^ened.^ " • * ** * 

Th^ Insults furnished by the Gray should be concordant with those 
obtairftd bysthe Pcli'k* Marten. • *. 

Viscosity. —Th« “Jiody ’ or viscosity of the oil iS most commonly 
measured by Its ra'a of flow throij^h an orifice of oortaiii dimgpsions. 
The resists obtained are compared •with those obtained from a standard 
sample. ' * 
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Redwood* Viscometer.— (figs. 30 And 3f ).i This instrument consists of 
a silvered bivis soil cylinder, furnished with an agate jet, and surrounded by a 
cbpper bath. A copper lithe, closed at the tower end, projecting at an angle 
of 45 degrees from the side of the bath near the bottom, provides^a means 
of heating the bath licjuid, and by the usrfof a revolving agitator, which forms 
part of the''apparatus, the heated liquW rising from the copper tube (jan be 
uniformly distribdted through the bath. The agitator carries .a tlnp’mometer 
to indicate the t(anpcrature of the bfth,* The oil cyliwder,is furnished^frith , 



Fig. to. Fic. 31.• 

♦ 


a stopper, consisting of a small l)ra,s^i splicn^ attaclicd to a wire, the sphere 
resting in a heinisjihcrical cavity in'tlie ag:ttc jcl. A short standard attached 
to the oil cylinder cf.ivies a cli]i to i^ujiport a tlicrinometer fn the oil Inside 
tlje, wUoylinder, and at a'short dtstaiicc'from the toji, is fixed a .small bracket, 
termiBating in a^^, uptiifnod point, whielk forms a gauge nf the height of the 
oil level. The iinstrument is supported on a tripod stand provided with 
levelling screws. ^,, 

^ uilraECTIONS FOR UsE, 

The bath is filled with a suitable liquid to a koigfit roughly corresponding 
with tlie point of the gauge in tlie lal cylinder. Water answers well for 
^ Jotirn. Soc. Chem. htd,, March 1886 ; Pdrolcuvi, pi 6fl0. 
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temneratures up to 200° F., afld* for’higher temperStures a hftivy mifteral oil 
may’be used. The liquid having been brought to the required temperature, 
the oil to be tested, previouslyJ)rought to the aaftio tomperathre, is pouted 
into thc»oil eylinder until the level of the liquid j\ist reaches the point of the 
gauge. A narrow-necked flask, holding f)0 c.c, to a point marked on the 
neclfc is placed beneath the jet in vessel contaiiiiug a liquid, of the sumo 
temperature as the oil. The ball valve is then raised, a stop-watch at the 
saflijo time started, jnd the nuinbe* of^thc seconds occupied in .thq outflow of 
50 c.c. noted. It is of the greatest inipcgtance that the oil cylinder should 
be filled exactly to the point of the gauge aftiir inserting the thermometer, 
and that the given temperature should bo precisely maintained during the 



experiment, a dift'eromce of o°F. making* an appreciable alteration in the 
viscosity of j^me oils. It is also essential that the oil shwild bo ipiite free 
from*dirt or other suspended matter^ an^ from globulSs of water, as the jet 
may be otherwise partially gbstsucted. If the oil “cylinder requires^ to be 
wiped out, paper rather* than cloth should be employed, as.filaments of the 
latter may be left adhering. Wl^en«oils arc bcin^ fested at temperatures 
much above that of the laboratory a gas flame is !lpplie(> to the cofpn tube 
and the agitato»"kept in gentle .motion threughoul tl»o gjperirnent. • 

JFofc.—The jet should be carefully txamined before the apparatus is used, 
andf *f nepessary, sb^')Jd be cleaned by passing a piece of soft string through 
it. The appatatip. .-nould bo adjusted by inflans of th* levelling screws, so 
that a spiritdevel plated Oii the top of the oil cup shows it to be horizontal. 

Sir Boverton Redwood rocomm^ds .that the number of socondif occupied 
in the*6utflovi of 50 c.c. of the oil under examination should be multiplied by 
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100 and divideA by 535 {the nvimber of^seoonfis occupied in the outflow of 
SO c.c. of average relined rape oil at 60" F.). The resulting figure should then 
bi^nuittiplied’by the specifi* gravity of the sitnapleat the temperature of the 
experiment and divided by 915 (tlie specific gravity of the refined rape oil at 
60” F«). Tlic final figures will cxjjress tlioivisco.sity of the oil at the tempera¬ 
ture of the tijst in terms (if viscosity of (^)fined rape oil at 60° F. , 

Coleman-Arciibutt Viscometer (fig. 3-2).—This instrument is an 
improved form of the well-known jacjketud glass viscopiet^ir, first used^'ny 
(lolcman about 1869. It consists,of a glass burette contained in an outer 
jacket, with a funnel for poihlng in hot or cold water, a tube for running 
oil water, and a stirrer for tho.'oughly mixing the water in the jacket. Being 
made of glass it is fragile, but with reasonable care an instrument may last 
for many years. It may be standardized with glycerine so as to give results 
in absolute measure, and it has the advantage pf being very conveuienP to 
work with. Thus, tlie temperature of tlie oil can be readily adjurtpd'in the 
elHux tube itself by stirring with a thermometer and raising or%wering tjio 
temperature of the water in the outer jacket. There is no need for a 
separate nu'asuring vessel, the volume of oil which flows out being measured 
by marks on the efiiux tube. 

A test can' bo made with as little as 2.5 c.c. of oil, and after the test has 
been made the tube is empty and ready for the next test. Oils can be tested 
ill this apparatus at the temperature of boiling water, which is high enough 
for most [lurpo.ses. • 

Method of Experiment. — The tube A and jet are first carefully 
cleaned and dried. Tlie jot is then closed by means of a small peg of soft 
wood. Water at the jiroper temperature is next poured into the jacket, and 
the oil, previously strained, if ncco.ssary, and brought to the same tcnlperature, 
i.s poared into the efflux tube up to about half an inch above the mark it is 
intended to run it from. The oil is stirred with the thermometer,‘'avoiding 
the formation of air bubbles, until the temperature is exactly correct, the 
final adjustment being easily made by slightly raising or lowering the 
temperature of the water-bath. The thermometer is then taken out of the 
oil, wlAch is allowed to rest until perfectly tjuiescent. The wood peg is then 
withdrawn ^ind-the time t,akeu by the oil .to flow down to theaoro mark is 
measured by a stop-watch, which is started as the surface of the oil passes 
the upper mark. During the experiment the •temperature is maintained 
^constant by pouring hot or (Juki water into the jacjjet through the fujruel and 
running oil'the excess through the side tsibe as^ften as required, using the 
stirrer frequently. The temperature of the water iti the outer jacket is 
indicated by tlie‘thcrmomcter T, which is not removed. The oppn end qf the 
efflux tube is covcred'by the invertoil beaker K to prevent water from being 
splashfd in by tho stirret. . » 

In making an experiment at 212” F., the colij water in thu jacket is first 
raised gradually to at'io'ut 18(1°F. by pouring in hot water, and then the 
fnimojS?- replaced hy the* steam lube L, and steam is blpwn in from the 
boiler. •When the ♦water lioils the level iJ lowered sufficiently to prevent 
splashing, and a brisk ebullition is kept up throughout the test, fl’lje oil, 
prex’iousiy heated to 212° F.,^*skould be poured in .just before/he Water 
begins to iioil and tl«3 tube Ateovered by its cap. ^ « 

Rel^ive Rates of Cooling.' -»According-to T. F. E.* Khcad, the 


1 OOH World, 27U. January 1917. 
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relative rates of cooling of cteSsot^s are detcrnimod as folfows :—10 c.c. 
of crSosote are placed in A (fig. 33), a 50 c.c. Jena bulb, with the thermo 
meter immersed in the centre ‘of the liquid al»*ys tp the s'ame estent. 
Water at a constant temporattire is circulated through the water-bath at 
a constant rate sufficient to prevent the temperature on the outside #f A 
rising more than 1' C. as indicated by^the thoruiomgter in the igater. A is 
heated to a uniform temperature of 120°C., then plung(¥l into the water- 
bath^ (always in the jame position i»i tlje bath), and the rate of. fall of tem¬ 



perature is recorded in scc^oTids, using a slop-wjitcli. 'I'lie experiment is 
stopped wljen the tcngperatin^reaclics 15"(;. 

Nai’hthai.knb. 

Moisture. — Weigh out 200 grams, place in a distilling flask, add 
50 c.c. toluol or xylol, and distil ^»lowIy until all tbo’water has come pver, 
which is then eai^ly measured. 

Foreign Matter. —Weigh out,20fl grau^p of th? sample, dissolve in 
600 c.c. warm 90* benzol, filter through a taVed filtiTr papcd', wash tlif'tattor 
with 90“ benzol, dry and rcwciglphihe increase in wcigbhAieing the foreign 
matter. • * 

Melting Point.-* 4 good works mctbofUis to fill a small saucepan with 
the sample, and*waig.i until die contents are c(*npletely« melted. A finely 
graduated th»»mometei^ is Alien fixe^with the bulb in the centre of the 
naphthalene, and the whole allowed Jto cool. 

The SjVnperatdte recorded on the thermometer will be seen to fal^ steadily 
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until trystals^appear on'the surface of the liquid, when it will rise about two 
degrees, rciiiaining constant then for a considerable time. This is taken as 
tihe nielting'point or cryot illising point. more delicate work Kleiuhardt’s 
molting point apparatus is used {fig 34). Melt some of the substaiice to bo 
tested and fdl one of the tubes B up 4o the mark K. While still warm 
immerse tl^ thermometer to the bottom of the tube, place same in the^^metal 
frame and immeiise the whole into cold water or freezing mixture. After the 
substance so,lidifies, the tube and tbfermometer is supported as shown iri the, 
illustration ; vessel A is now fdlc^ with warm water about 5° to 10° C. above 
the assumed melting point, of the substance. Carefully watch for the un¬ 
covering of mark 1) on the thermometer, which wjll be seen as soon as the 





Fio. 34, 


Fio. 36. 


tube B begins to drop, remove the wliole and stii^ the substance with the 
therniomoter jintil the temperature ceases to rise. The highest registered 
will accurately indicate the melting point, and, with a little*practicS, deters 
minations can be mafic of 4° C.“ 'l^vo or three tests can be made in one 
miid'ite. The determination of quality bet in the fact that a high melting 
point indicates that»'.l<o sample testijd adheredbo the thermometer longer than 
,a saii'ple with a lewer mcltin); point. * 


Antiiuackne Cakb. 

‘ « 

Moisture and Fm'eujn Matter are tested for as with uaphtbatene. 
Anthracene. — Hochst test. .1^ gram of th^ sample ds dissolved in 
45 c.c^of glacial acetic acid, in a halF.litre Haak, to the mouth of which is 
connected an inverted condenser (fig. 35), and to this is* added from a tap 
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funnel, fitted to the top of “tlfe condenser, a solution of *15 gra'ms of 
cliroiSic acid in 10 c.c. of glacial acetic acid, diluted with its own volume of 
water. The contents of the flasl^ must bo kept in e^mtle ebullition and the 
chromic acid anust bo added, drop by drop, the operation taking about two 
hours. The liquid in the flask must then bo kept boiling for two hours 
longejj, when the heat is removed and ^he flask and contents lefUat rest for 
twelve hours. 400 c.c. of water are now added, and after leaving for three 
houts the*contentB of^the flask are fiiteiycl, the anthraquinone collected on the 
filfer is washed, m turn with cold water, boiling dilute solution of caustic 
potash (about per cent.) and then with hot water. 

The anthraquinone is transferred by washingrfrom the filter to a porcelain 
dish and then dried at 100“ C. Ten times its weight of fuming sulphuric 
acid are then added. The dish is heated on a water-bath for ten minutes 
and«then placed- in a raoisl^ atmosphere for 24 hourir. 200 c.c. of water are 
added, ♦hej'nliolc filtered, and the mass washed on the filter as before. The 
contents of the filter arc transferred to a dish which is dried at 100" C. and 
weighed. The dish is then heated to drive oft' the .luthraquinone, cooled and 
reweighed; the difference between the two weighings gives the amount of 
anthraquinone which, multiplied by '8558, gives the weight of anthracene in 
1 gram of crude cake. 

Paraffin. —10 grams of the sample are weighed into a large beaker, 
108 c.c. of concentrated sidphuric acid are added, and the mixture healed on 
a water-batti until all the anthracene is dissolved, when it is cooled and 
poured into 400 c.c. of cold water contained in a litre separating funnel. 
*The mixture is allowed to cool and then extracted twice with light petroleum- 
ether (dry at 75° C.). The petroleum-ether extracts are bidkod and washed 
in a separating funnel, first with half its bulk of 5” Tw. caustic soda solution, 
and then four times, with one-eighth of its bulk of cold concentrated sulphuric 
acid, andhfter this with cold water until free from acid. It is then allowed 
to settle, any wiiter which separates removed, and then transferred to a tared 
flask, the ether distilled off and^he residue weighed. 


Pitch. 

Twisting Point. —A sample of the pitch is slowly melted, care being 
taken that no volatile matter is driven olf, the miflted pitch being run into a 
mould i ^nch by ! "inch hy>J inchas, and cooled. The cooled piece is^sus- 
pended by a piece of steing in a beaker of water, and the temperature of the 
latter is veVy,slowly raised until 95° F. is reached, when thc*sample is taken 
out of the water and an endeavour im^e twist it by Ricans of the thumb 
and first finger on each hand.* ^ • • 

It is very jirohahle at tiiis temperature that it will not twist easily. 
Therefore the pitch is immediately put hacl^ into water, and is again 
tried at each degree rise in temperature* until it twistk without pRseitrt. 
The tomperature»at which it twiste is then recordecl a.'»tl*« twisting peint. 

Volatile hi/drocarliom awl ash are tested for in the same manner as with 
coal* * 
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THE ESTIMATION OF “FREE CARBON” IN 
‘TAR AND PITCH. 

c ■ 

‘ By Pkucy E. Si’iBi.MANN, I’h.l)., B.6c., F.I.C., and Henry Wood. 

It ia univeraally accepted that “free carbon” in tar and pitch does not 
consist of carbon in the chcuiist’a seiiso af the word, hut of substances con¬ 
taining a liigh percentage of carliop, and liaving a very higli molectdar weight. 
Tliese compounds show a very low solubility, so that accompanying substances 
can he extracted from them, u 

I’ersonal experience has confirmed I'ocently published work that the usual 
solvents employed did not all lead to the same results, so that serious dis¬ 
crepancies occurred heUveen two ditt'erent workers of equal trustworthiness. 

'J'he object of this investigation was to determine the extent,,£|nd‘ rate of 
extraction of the soluble substances in tar and pitch by various solvents; and 
also to ascertain the relative value of the several recommended methods 
and liijiiids. Incidentally some knowledge has been obtained as to the effect 
of the kind of still (when distilling tar) on the “ free carbon ” content of the 
resulting pitch. 

The solvents used alone or in succession were benzole, carbon disidphide, 
carbon tetrachloride, ether, chloroform, xylole, pyridine, and a neutral tar 
oil. The.se were used in a Soxhlet extractor of the ordinary kind, and some 
determinations were marie in a special form of Soxhlet hot extractor. In 
.addition, a metluKl used in works was also examined, namely, treating the 
sample with hot solvent and then filtering through an ordinary filter paper 
or a tJooch crucible, and subsequently washing with solvent. A hot vapour 
extraction was also tried. 

It was found (Table B.) that benzene followed by CS^ gave the Liwest and 
most consistent result. Ether was so far successful that it removed nearly 
all the sohihlo material, but the final exti'action was very slow. Carbon 
tetrachloride did not remove more than ether for about the same time of 
extra(<i,ion, but was curious in that if followed by CSj and benzene the 
final fig.irp for “carbon” was considerably higher than if the last two 
solvents were used alone. This would seem to confirm earlier observations 
as to changes brought about by carbon tetra ;hloride when used for the 
present purpose. 

Neutral oils gave much trouble, and the extii<otion wAs very slow. Traces 
of n'loisture caused violent bumping and fracture of th y flask. No consistent 
results could Ve obtained. Chloroform was not found tq^ present any 
advantages over benitene and CS.^. , Xy)ole was efficient, but slow. Pyridine 
extracted well, but corroded the corks so much,that it was not convenient. 

It was found that Soxhlet filter 'thimbles varied very greatly in quality, 
even among the prddficts ojitained* fr,om the same firms. Some acted 
saihilatfterily, whilst in Others definite cracks even were visible. After 
prolonged action o^Veiezen’e and CSj it was noticed that the material of the 
thimbles was altered to such‘an exteilt that they could be rubbed to powder 
with the finger. As much troahle was experienced in retaining finely dirided 
carbon even when the thimblek were of double thicknes8„the’ expedient was 
tried of placing one of ordinary thicka ’ss of smallef size within the thick 
one; this was, however, by no means aliitays successful, and in the end two 
thin thimbles were found most satisfactory. 
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It was noticed that a consideAabfe amount ot S(!ticl mattei*had separated 
fromHhe.solvent in the flask by the ffime the extraction had conic to an end ; 
this, on filtration and repeated washing with solicits, remained undissolvtjd 
to a great cftent, thus confirming qualitatively the work of Monroe and 
BroderSon.' 

In order to obtain comparable results as far as jwssiblo, jiitcji was used; 
whicB, after being powdered, passed tVirough a 60- but not I.lirougli a 90-mesh 
sie»e. tkune experiments were wade* with the finest fractions, of sieved 
material, but oflly \ery slightly difl’A-cnt figures were obtained* and un¬ 
doubtedly grej.tcr liability to caking in tlie thijnble occurred. 

With respect to the subsidiary part of the i\ivestigation, it was found that 
the commercial pitch contained less free carbon tlian a sample of pitch of 
the same softening point obtained in the laboratory from a copper flask ; and 
furrier, that a jBteh produced in a Colman’s iron stiU (which was primarily 
designed to produce light fractions) contained a higher ]ierceiitago of carbon 
than did a pitch of similar softening point obtained from the same tar distilled 
from a copper flask. • 

Method of Extraction.— Carefully dried solvents were used. ‘2 grams 
of fiO-mesh powdered pitch were mixed with twice its bulk of washed sand. 
This was poured into the thimble and covered with a further small ipiantity 
of sand. Before beginning extraction, some solvent was placed in the extractor 
and the thimble and contents allowed to soak in it, a jiroccdnre which was 
found to asgist in the prevention of material [lassiiig through walls of thimble. 

A first series of extractions were m.ade to determine the rate of extraction. 

•The Soxhiet took 10 to 12 minutes in filling and emptying. 


Table A. 

]iate of extraction of producer •pilch: 92“ so/leunuf point 


Jienzeiio. 

Carlion 

DiHUl- 

Cliloro. 

foiin 

27*2 

farlion 

'i'flra- 

Kill 

IT. 


19 6 

22-4 

• cliliiriiie. 

28-35 

37-23 

32-87 

40 times. 

19-3 

19*2 

20-2 

2»-92 

31*43 

27-45 

fuj-tlier 36 times* 

17*8 


19*83 

24*42 

21-48 

lC-0? 

very ]tab. • 
Had thiinlile, 

(CS 2 liua]) 

finii]) 

• 




colourlesH. 


Gooctl Crucibl^ Metlwd. —The sample wdliout sand was added little 
by little to 250 c.c. of hot rolvent Vith etmstant shaking. It was boiled 
under a reflex condense^for 15 miiiutes, cooled, filtered, and washed about six 
times jii’ith fresli solvent until the filtrate became straw coloured ; then with 
CS,^ until the extract had again becofne ^traw coloured ; then twice with 
benzene to remove CS,. Tlu^ rodidue was dried for at least two hoifts at 
100-105” C. When first trsated with CS^ and tlig% benzene, the above 
procedure was reversed, but benzene*was al^'a}* tln^last tij be used. ^ 
Vapour Extraction. —A thimble was suspended in vapour of boTling 
solvent under a I'eflux condenser* and ,extract(id unfll Vie filtrate tiecame 
colourless. 

Nteutral Oil; ' •suitable oil was dfstllcd and fraction between 
180-200” collected, •an^ washed with acid and'alkali to* free it from basic 
and acidic suBstanc,,s. * 

* Jout, I'Mt. and Eng. Chem., 1917, 9, 1100. 
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From these Hgiiros it is to.!* seSii tliiit tlio best .solvent, i.e. that*leaving 
a residue most nearly ai)[)roaehing t5 “carbon,” is pyridine, and that this has 
the disadvantage of havitig to Ije used in an all-gjasis apparatus.* The gecopd 
most desirabje, is the combined benzene-carbon disulphide solvent, employed 
as directed, and this it is that is recommended for general use. The reinain- 
ing liquids have, relatively to the above, too little to recommend^them. 



CHAl’TKK Yll. 

. AMMONIUM SULPHATE PLANT. 


.S[jLi‘iujiiio Aril) (1>.0.V.) 

Specific Gravity.— This is usuiilly deteruiiiH'd hy moans of a Twaddle’s 
liydromclor, and rejxa'led in do|Xiocs Twaddle, wliich, liowever, can be 
calculated to sjiocilii! ^^ravity, each de^are bein<; c(]iial to 'OOf) aljOYO the 
specific j^ravity f)f water (I'OOO). 

Estimation of H..SO,. —The fjuantitative analysis of sulplnmc acid is 
usually made by titraMne,' a weif^du'd (piantity, it not beinj; siiliiciently 
accurate to measure tlie acid uith a jiipette or burette. 

Wci;^!) out 2 to 2 Lrrams of the acid into a clean, dry, tared (conical flask, 
dihit(' witii 10(* c.(*. of dist illed water and tit-rate with a “ normal ” sobition 
of sodium hydrate, nsin;:: metliyl orain^’C as indicator. lilach c.c. of the 
normal soda solution contains OOHMto gram NaOff and will neutralise 
1 c.c. of normal sulpluiric acid solution, containing O'O-ll) gram of 

K.iumpfc —2 200 grams of acid were takc'ii, whieti required .‘fQ’T) c.c. of 
N/1 soda solution t,o neiiti'alisi’ U ; tlieivdore, 


'lO'O X 0‘0-19 weight in grams of ll.>S()^ 


o-o-fii > 100 ^ 

()h-42 per cent. ll„vSf),. 

2-250 


Estimation of Arsenic.— k\)r practical purjioses the following crude 
tost, if <'arned out on a “known’ acid, may he used successfully, when 
testing a cfmsigiiment of K.t).V. for its suitability for tlie manufacture of 
sulpliate of ammonia, since the results are cou'parative with tfie practical 
results in the saturator. f 

Measure out 20 c.c. of the acid into a conical dask and dilute with 200 c.c. 
of distilled water. Add 0-5 gram /ine sulpliide ^und sliake for a few 
seconds ; allowi to settle, and examine. If only a slight turbidity the 
consignment may he'sahdy used, hut if a distinct precipitate Ts observed it 
should f)e rejected, Other impurities' wilj (xiyie down with the arsenic in 
this test, but these are as detrimental as tlie*latter. 

For ihe arcuralf f-ifrisnallou of An^iriir^dWimfinc/ to Lnufje.^iyi) Dilute 20 
Ccr. qf the acid with watery and jia.ss llirougli it a stream of sulphur dioxide, 
until it, smells str^ngl^y of the g-is, in ord^'r to reduce tht^AsgO^j to As,Oy. 

Tlie gas shouhl be jjassed for a considerable time to makc^ sure of 
complete reduction.) Drive ptt the excess of SOg by* heating and jfi^sing 
a current of ('(neutralise (;\‘actly with sodium cavboRato and- a liftle sodium 
bicarbonate, and titrate with deiunon^'-d iodine ^and«starcb. .1 c.c. of the 
iodine &olutiou indieatiis 0*()049r) grait As.,0.j. (Note any considerable 
proportion of iron should bo previously removed.) 
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(b) Marsh’s Test ,—A ^pecia^ ajfparatiis (fig. S^) is required.' A is the 
evohition flask; B a tube containilig calcium chloride to absorb moisture; 
and C a tube ot hard glass attached to tlm drjung tube. Into A ylacy a 
few grams of zinc and 10 (!.c. of pure dilute sulphuric acid (free from 
arsenic); allow the hydrogen to,.stream through the tube, then add 10 
grams of the samqde through the thistle funnel and wasl^ down with 
waWr. At the same time place the bunsen into position, and heat the 
hafd glass tube. The mirror obt,'lined is 1-hen compared with standards. 

*(<■) Ilaycr's Kraftiato Method^ —Into a porcelain basin C cms. in diameter, 
place '20 drops of acid and -10 drops of water, I'reat this with 1 'C grams 
of finely powdered sodium bicarbonate, and if after stirring for five minutes 
any part of the NaHCO,, remain,s undissolveiT, warm the mixture. Add 10 



drop.s of *immonia and abou'^2 grain.s of ammonium oxalate, so that the acid 
is completely combiiud, this being absolutely necessary for the accuraty of 
the reaction. Then .add 30 drops of hydrochloric acid to milder it strongly 
acid. * K brast plate should be scoured with sand and* carefiillj'dried, then 
place upon it one drop of tlie liquid*and warm it gently at fir.st, then more 
strongly over a small flame. AftSir washing the salt stain off, there wilf then 
bo a spot left Ivhich will b(? grey to <'ed or even fcl*,ck, according to the 
amount of arsenic present. • * • • • . 

(d) Ilattensaur's Method.'^ —.6^0 c.c. of ihe sample, ,'yf diluted xyth .fiOO 
c.c. of distilled water, to which 500 c.c #f diluted hydrochloric acid (1 : 2) are 
adde^f the mixture being cooled. While sfqll cold, sulphuretted hydrogen 
is passed ESrough i.. ode h. nr and the precipit%ted ASoS,, which is free from 
lead, filtered and waslmd ip a platimqm Oi- porcelain Gooch crucible. It is 

* According to Lunge in Chr.m. ierhn. Unir.rsurhimgs-v}dkodai, vol. i. Berlin, 1899. 

® Zsftschr. f. mSSfPAV, Chcni. 1896, 130. 
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washed .with hot'alcohol <to remove traces ef sulphur, dried, and the 
weighed. Instead of using the Gooch crucible, the precipitate nmy be 
washed and dissedved in 2^ p.c. dilute (1:2) apinionia, the solution evaporated 
in* a porcelain dish, and oxidised to arsenic acid which is ptimated as 
amuioniiim niagncsiuin arsenate. ^ 

liitrous Acid (Blutcher). -For the quantitative determination of the 
nitrous acid,' the sanqilc'should bo titrated with potassium permanganate. 
The acid must always be added Co Hie pcrniaiipiiate, never .the per¬ 
manganate to tlip acid. N/2 pcrmihigaiiatc solution 'is riiluted with'live 
times the amount of warm water (30 to 40 (i.) and the siilpliuric acid is 
allowed to How into it from a luirette until the colour disappears. 1 c.c. 
N/2 perniaiigaiiate solution cijuals 0 0095 gram N„()„, 

'■ Sui.rUATl! OK A.m.monia, 

Moklurr .—The amoiiiit of free moisture is determined b'y'drying a 
weighed quantity in a (jat disli at 110 (1. until the weight is constant, the 
loss ill weight rcpresontiiig the moisture in the amoiiiit of saiiqile taken. 

vVige.—Samples of sulphate of aiiimoiiia should always be kejit in a 
stojijiercd bottle, so that no loss of moisLiire takes jilace. 

Ammonia. - lO grams of the well-mi-ved sanqtle is washed with 
distilled water into a 500 c.c. measuring tlask ; dissolved ; the flask tilled 
up to the graduation mark, and the whole well shaken. 50 c.c. of tlii.s 
■solution arc distilled with caustic soda solution in the distillation aiiparatiis 
(tig. 3) into about 15 c.c of N/1 siilphiii ic acid. 

lixample — 50 c c. of solution taken (1 gram of samiilc). 

15 c.c. N/1 H.,SO, after the exjierimeiit 
required 1 c.c. of N/1 NaOH to bring it to neutral, then 15-0 - 1'0 = 14 0 
c.c. N/1 ll,,SOj used. . 

.Now each c.c. of N/1 acid = 0-017 gram of ammonia; 
tlicrefore 14'0x '017 = -2:JS gram NH., in d gram of the samjflc, or 23-80 
])er cent. 

Free Acid. —10 grams of the sample are dissolved in 100 c.c. of 
distilled, water. Methyl oraugi' is added, and the solution is titrated with 
dccinorma'i caustic soda solution, each c.c. of the solution = 0 0049 gram 
of Buljdiuric acid. ,, 

Iron Salts. — When, the ammonium sulphate is required for the 
manufacture of such c.vplosives as amuioniuny, porchlivaite, the p.:rceiitage 
of ivon salts h.ive to he estimated, since they cause^a considerable amount 
of trouble durivg the filtering process. 

10 grams of tiro sample are dissolved in distilled wliter, arRl the 
Bolution filtered To the filtrate a'lid 'vvashings is added ammonia in excess 
which precipitates the iron, the latter beiilg separated by filtration, washed, 
dried and weighed asiFle^jO^ (ferric ox/.de^. ’’ 

.'VMMCjNUO.Vt, IKQUOR. 

In the following pages, (ests by Linder, abstracted from the .Hortieth 
Annuai Report of the Chief-Inspector of Alkali W6rks, are gi\t#n, together 
with recent modifications. , * 

Frfce Ammonia.—By distillation if 10 c.c. liquor (more if weak) diluted 
to about 300 c.c. in a round-bottomed flask, connected thrqugji a ca»tch bulb 
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to a Liebig’s condenser, and receiver containing excess i?/2 H„SO,, and 
provided witli an outlet acid catch, packed ivith broken conilvistion tubing 
(some beads are found to yield *lkali to N/2 acid,'and their use is not Pecdhi- 
mendod). At the close of the distilliititin, wliich reipiircs about twenty 
minutes, air is blown through the ajiparatiis to remove final traces of amnlonia 
and^ho excess of acid in the receiver os titrated wiWi N/2 Na„0(i*. 

. ix6d Amnionic, —Add boded epustie soda solutiou in excess to the 
boTled liquor left i# the flask, witfi sidlicieut water to replace tliat boiled otf. 
Place a furthur definite quantity of N/2-IL.S()., in the receiver and proceed 
exactly as with h’rce Auiinonia test. " • 

CaladaHonff. — 

Percentage of free ammonia == O'OOSo x 10 x c.c. N/2 IP,SO neutralised 
. „ .fixed .OOOSrixlO „ N/2 

Ajnmonia may be calculated by the addition of free and fixed 
ammonia, but should he estimated by distilling another 10 c.c. of the sample 
(diluted), together with excess of boiled caustic so/la. .solution, info slightly 
more than the sum of the two amounts of N/2 1I.,S0| nciiLridised in the two 
previous estimations, the excess acid being titrated back and the percentage 
of ammonia calculated as before. This serves as a check for the free and 
fixed ammonia. 

Carbonic Acid (Linder). dO c.e. of liquor are diluted to 400 c.c. 10 
ec. of amrrtotdacal calcium cliloridc (1 c.c.-O'Ofl gram CO^) are added, and 
^ the whole is lieated in a stiqqierod bottle for 1.', to 2 hours in a water hath 
at I00°C. Cool somewhat, filter, wash by decantation through a filter with 
boiling water, and dissolve the calcium carbonate in a known ipuuitity (25 e.c. 
to 50 e.c.) of .N/2 HCl, with ad<led cold water to prevent loss of acid. 
Titrate the excess of N/2 IICI with N/2 Na.pid^. The small anioniit of 
calcium iftrbonatc on the filter is host recovered by ineiueration in a tared 
capsule. 

(7uAwA),t/o?i.i.—(Irams-of cfl, per 100 c.e. of liiiuor -. O'OI 1 - 10 c.c. of 
N/2 IICI neutralised. 

Modifiratiem !>;/ Dr. II. (I. CV.m.an' —10 to 25 c c. (aceordini' to the 
amount of (JO, present) is run fi^uu a pijiette into a liol solution*orcalcium 
chloride, avoiding as far as possible exposure to the air (from which the 
solution absorbs carbon dioxitle). The beaker is covered and lieated until the 
precipitated calcium carhoiiate granulates. ' 

This IS then filtered aiuAwashed, the precipitated calcium carhouatodiH- 
solved in 25 c c. of N/^HOl, the unused hydroclilorie acid being determined 
l)y tit^’atioii viith N/1 caustic soda, using metliyl orange as indicator. (Ice 
of iN/l HCl = 0-0022 gram of CO„.) . . 

Chloride (Linder). —]0« e,ftf hoilgd liquor (for eouveuieuce 250 etc. are 
boiled to expel syilphide, etc., pooled and made up to 25(^ c.c. for estimation of 
chloride, siilphoeyanide, fcrrocyanidoi efe.,),ar* dilgted tq 150 c.e., 2Ji c.c. of 
liydrogen peroxid(;(10 volumes free from chloride) are added, and the solhtion 
boiled down untiPthe brawn colouP has lymo’st oufjrcly’dSAppeared ; fo to 15 
drops of'potassium chromate solution arc then added to destroy the excess of 
pero.*ido ayd to a'f gthe removal of orgaific, matter, and the boiling con 
tinned for live iniaule^. 1‘liter if necessary fr5m traceif of green chromium 
hydrate, eool, neu.tr .Use by the addittJTi of a pinch of sodium biearliou«te, and 
titrate with N/IO AgNOj. 


1 J.S.C.I., Dec. 1918, 
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CaU'iilation!— 

HCl ill ^i;fvms jier 100 c-o. *00361 x 10 x c.c. N/10 AgNOg used. 

Another method is to evaporate 50 c.c. of the liquor to deync^s on the 
waten bath j add water, and filter off the tarry^ matter. Mix the filtrate witli 
a solution oKeopper snlpliiiXe and ferrous sulplnite in about e(inal proportions, 
and filter the lupiid apain. Add nitric acid and silver nitrate to the filfrate 
and boil; .allow the precipitate to sfctile,* and pass the^sn^crnatatlt h^id 
through a’filter. Before finally filtjerinp' oil' the precipitate (silver chloride), 
digest it several times with hot nitric acid to dissolve out the silver sulphide 
resulting from the decomposij ion of the silver thiosul])liate. Filter off the 
silver chloride, and wcii;h. 

Sulphur, (a) As Sulphate (Linder). 250 c.c. of the liipior is concen¬ 
trated to about 10 c.c. on the water bath, 2 c.c. pf strong In drochloric acid 
added, and the evaporation continued to dryness to deconqiose thjosu.phatc 
and render organic matter less st>luhle in water. The I'esidud is extracted 
with water, and the iiltfred solution made up to 250 c c. 'J’he sul|ihatc is 
determined by precipitating 100 c e. of this solution with barium chloride, 
allowing the ])reeipitate one night to settle. 

The amount of oxidation undergone by the thiosulphate under these 
conditions is msigiiificant 

Calcvlaliiin .— 

Sulphur as sulphate, grams per 100 c.c. = 0'1373 a gram BaSOji 

Another method is to evaporate 250 e c. of liquor to dryness ; add water, 
filter off the organic matter, and hod the solution with hydrochloric acid ; add 
a little zinc oxide and filter the liquid. lTeci[iitatc the sulphates with harium 
chloride and treat as in Binder’s method. 

(h) As Sniphocya.nide (Under).—'\'o 50 c.c. of the boiled solfetion (sec 
“Bhloridc”) add ferric chloride in amount slightly in excess of that reipiired 
to conqilete the ])recipitation of the ferrocyatiidew—(Aofe As ferrocyaiiidc 
has only been detected in gas liquors on very rare occasions, addition of ferric 
chloride is generally found to be unnecessary, and is omitted, the appealance 
of priissiau blue, however, on adding ferric chloride, slightly ..acid, to the 
boiled liquor is regarded as one of the best ipialitative tests for ferrocyanide) 
as Prussian blue; filter (the solution may be wf.rmed to promote the separa¬ 
tion of the blue in the flocctilent condition essential for rapid filtration), cool, 
add .sul])huroiis acid in sufficient e.xcess, follow'ed by copjier sulpkate, and 
set aside in sto])])ercd flash for one or two hours in Fie cold, to deposit the 
cuprous salt Vilter cold, wash thoroughly with hot water,,using little 
sodium sulphate in Ihe wash watyr if the precipitate shows a tendency to 
pass through the filter paper; the. final wie^hiwgs must remain colourless on 
addition of a trace of ammonium sulphide. VVijsh the ciiproqssuljihocy'anide, 
which should be whitc( back ,uito tlfe flask, the last traces being removed 
RTiua^ tUc paper by warming on a clock-glass wuth dilute nitric acid {1:3), 
add 1 6.C. to 2 c.t.- of strong nitric acid,<'and boil the sohition until green 
(in jiresence of much organic matter, evaporation to dryuicss aird ^gentle 
ignition followed by furthur trertment with nitric ac(^l is sometimpK rcqcjired 
to complete the oxidation of v(ie copper); cool the oxidised liquid; add slight 
excess ^f sodium carbonate, acidify acetic acid, add potassium iodide, 
dilute, and titrate the liberated iodine with A'/IO thiosulphate, using starch 
as indicator. 
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Cafaitoiojj. — Sulphur aa liuljJliooyanido, grams pur *100' c.c. = 2 .< 
O'O0S2 x.o.c. of N/10 thiosulphate re'quired. 

(u) As Sulphide^ Sulphite, ^ind ThwsulpfuUs-^Linder).—{¥}, 10 c.c. ^of 
liquor is.dilui-ed to 500 c.c., acidilied with liydrochloric acid, and titratcii wilh 
N/10 iodine solution, using starcli,as indicator. The volume of N/10 iodine 
required determines that of the liquor taken for (2)^ ^ 

(2), 10 c.c. or more is added to e.vces.s of jimmoniacal /.inc chloride solution 
dil«ted W about 80 c.c. witii warm M(ater*(t0“--u0“ C.). 

'Unlphide. —'fhe *zinc sulphide on* tlie filter is washed into* excess of 
iodine, acidified with hydrochloric acid (the l^st tiaccs of sulphide being 
washed through with cold dilute acid) after rjgorous agitation to complete 
the solution of the /inc sulphide, water is added, and the excess iodine 
determined with N/iO thiosulidiate. 

i’^ridation.’-Hn\\)hnr iw sulphide, grams per 100 c.c. 

= 10 O'OOKi i c.c. N/10 iodine, reipiired. 

H.,.S-= 10 X 0-0017 X c.c. N/10 iodine reipiired. 

Sulphite and Thiosulphate. —d'hc conclusion is reached that no exact 
estimation of sulphite and thiosulphate is possible in ammoniacal liquors by 
any method based on titration with N/10 iodine i-vcept in quite exeeptional 
cases. united figure for these two constituents can be reached by 

diftereiiee, subtracting from the total snliihur, found by bromine oxidation, 
the sum qf the sulphurs present as sulphate, siil|)liocyanide and sulphide. 
According to (lolman, an approximate estimation of ainnionuiin thiosulphate 
is obtained from the number of c.c. of N/10 iodine solution required by 10 c.c. 
of the liquor after treatment with cadmium eliloride. itach c.c. of iodine-^ 
0'0148 gram (Nil|),S.,I).,. The results, however, tend to be slightly 
high, owing to the other impurities, such as the thiocyanate and phenols 
having ai*me action on the iodine. 

The following is a rapid method (also by Oolnian) foi- the estimation of 
hydrogen sulphide in more coKcontrated liquors :'—10 c.c. of the sample is 
added to 50 c.c. of N/1*0 iodine solution, mixed with more than enough 
hydrochloric acid to neiitrali.se tUc whole of the ammonia, and the iiiiused 
iodine titrated with .N/10 thiosulphate and starch, the diflcrcnqji giving 
the iodine used. A further 10 Ac. is then treated with cadmiitm eliloride 
to remove all hydrogen sui|)hide, and after filtering through pul|), added 
to 10 c.c. N/10 iodine and hydroeliloric acid,, titrating hack with N/10 
thiosulphate. The^inioiint qf iodine used, whieli represents that taken up by 
substances other thai^ hydrogen snlphiile,'is ilcdiicted Iroiii the anioimt of 
iodine found in the first test, the difl'erenee giving the iiumher of e.c. of 
N/10*iodinc corresjioiiding to the hydrogen sidpliide in JO c.c. of the liquor. 

(1 c.c. of NflOJodine0'0017 gram lAls). 

Total Sulphur.---50 e c. (100 eve. Jf weaktir liquors) oj liquor arc djilivcrcd 
drop bv drop from a burette into a llask, containing e.xccss of broinnio (.TSe 
from sulphur), covered by water'stroiqdy rieidulated ViAh hydrochlflric acid. 
The lixiclised solution is cviqiorated to dryness on the water hath, the residue 
rep^ktedlji extr-at - !*.\«th boiling water, filt»r^d, cooled, made up to 250 c.e. 
with water, and 1(» c.c. of the solution prociiiiftitcd witlf haruiin chloride. 

Sulphur, grams per 100 e.cV ^ 5 ■: 1-dT:! gram ISaSO,. C^kc-oveii 

‘ J.S.V.I. Dnc. 1918. 
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liquors on oxidation with 'bromine often ‘yiehl a heavy yellow precipitate of 
brominated phenols; this may retain traces of sulphur in amount sntficiccit to 
affect^the percentage disV-ibution sulphur lY^ures, unless it is recovered by 
fusion w’ith potassium carbonate and nitrate and included in thc^total. 

Sulphur as Polysulphide. —Witl^ respect to ihis estimation three 
methods have been tried. 

(1) The li(juor is mixed with excosS of a solution of ammonium cyjftiide 

of known stren^^th in a stopponid bf^ttlc f^)r flask, and the excess of cyarfldc 
reniainin^'after conversion of the polysulphido into thibeydnate dotennlned 
by distillation. , 

(2) The liquor is treated as above ; but in this case the Lliiocyanate formed 
is determined. The thiocyanate equivahmt of the polysulphide present is then 
obtained by deductiii^^ from the total thiocyanate liy^urc the amount of thio¬ 
cyanate originally present in the licpHn; sepaiateiy detenniiiecb 

(fl) The hipior is sli;rljtly acidified with liydrocliloi'ic acid, neiiVvalised 
with ammonium carbonate, w anned to promote ('na;;idatioii of the separated 
snljibur and tarry matto^v, and the jircs-ipitate colhaded oii a (loucli crucible, 
dried, and woij 2 ;hed. The proportion of sulphur present in the impure 
product is then determined by ])recipitation as barium sulphate after oxida¬ 
tion. None of these methods are, however, friv From criticism, bios. 1 and 
2 arc subject to interhu’ence from dissolved oxygen ns already stated, which, 
unless cxeluded, eaus(‘s the polvsiil])hid(‘ fi^mi'e to ('xcxmmI its [irojier vidue. 
In method No. d snljiho eompounds of a, tarry nature aie ajit to bo precipi¬ 
tated co-jointly with the snlphur ami yu'Id sul[)hale<)n oxidation with fnminj^ 
nitric acid or sodium peroxide. Of the three methods No. 2 ajipears to ofler 
the most advantages. 

Kmm,p!e---]jU\\U)r contains per 100 parts. 

' Sulphuretted hydrogen, ..... OdUh 
Sulphur as thiosul])liate, ..... O'Oi) "* 
Hydrocyanic acid, . . . ^ . . . Nil. 

25 c.c. potassium cyanide solution (2 grams K(ty) ueulridised with suljfliuric 
acid and 20 drops aminouia add(’<l. 100,c.c of the lifpior added, and the 
mixture,diluted to 250 c.c and allowo’d to stand 10 to 15 minutes. 50 c c. 
boiled to rfimovo ammonia. 15 c.c. iron ahim adde(l, lilt.ercd, and the thio¬ 
cyanate precipitated as cuprous salt, etc, (See ^^ulphur 0.) 


Example- 

, Ter 100 c.c. liquor. 

Deduct equivalent of tbioi^yanate presmit in liquor . 125‘3 


10-4 


Wheuve * , ‘ 

^ Sid])hur as pO'ysulphide fjer 100 e.c!'liquor lO'l ^ 0 0022 ^ 0*129 gram. 

Sulphites. —The difliculties iittending^pn exact eslimat^oii of .sulphite in 
amnioniacal liquors have been oanfli'.lly considered by Linder in tbq hope of 
elaborating a reliable meihod for dote<-ting and estiiKating this irn|W^tant 
constituent, the following me^iod b(‘ing adopted : *’ 

The Polysulptlide Method. -I^sii well cstablv.he'i faeo tliat HoUitions 
of amnft,nium }>olysulphide and ammonnXn sulphite react to form ammonium 
sulphide and ammonium thiosulpliato. 
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■ (NH,).,S, + (NH,),‘SO;= (NH J,,,S + (iN-if,)._,S./)3 

As fi r6sult of this rsactioti the iocliiio Vfiluo. of tho solution is ilccrciisod bv 
1 c.c. N/10.iodine for every O'OO.:!^ sraiii of su1i)hur us snlpliite 'dec<im- 
posod, the iofflne value of the tliiosulpliate produced heiiip half tliat of the 
sulphite reduced. This decrease allfirds a means, therefore, of oalcidatiu| tho 
arnoupt of sulphite present. • • 

The pijjcedure adopted is as follows 

a. Total iodine value of solution is detorminc<l hy titrntinp 10 c.c. of 
diluted and acidified liquor with N/10 iodine. o . 

N/10 iodine G(|uivalent of I1„S+U.,S(1,.+A c.c. 

lO^odiuo ecpiivalent of sidphide is dcteniiiiicd hy aniiiioni.-ical zinc chloride 
inetliW. 

•N/10 iodine equivalent of II.,S I! c c. 

Then N/10 iodine equivalent of I1.,S!0.|+ Il„,S^i(),j == ,\ |’, c e, 

c. Iodine equivalent of half the suliihite t-the thiosulphate is deteniiined 
hy addinp 10 c.c. of liquor to 10 c.c., or triore, of diluted ]iolysulplnde liipior 
(prepared hy dipestinp'stronp aninionium sulphide solution with ])owdcred 
sulphur, docavting ; L' of this solution freshly diluted to 100 c.c. gives 
the dilute solution used for analysis). 

After standing Ti to 10 niinutcs in the cold, the clear yellow liipiid is 
precipitated hy esccss of amnioniacal zinc chloride and filtered. 'J’lie filtrate 
is acidified with hydrochloric acid and titrated with N/10 iodine. 

N/10 iodine (less iodine for thiosulphate contained in the polysulphide 
used) is the equivalent of . 

• JH.,S0,, + 11„S,,()3-(! c.c. 


Two oxample.s will make this’clear-— 


1. Coh'-Oven lAi/nor — , 

10 c.c. liuiior, H.,,S e H.,S 03 +n.,s,,0, 8 .'>7 r.r. N/10 iocliiir . (A)' 

10 c.c. liquor, H.jS . . '. 7'71 ,, ,, ,, { 11 ), 

+ . 0-86 ,, ,, ,, (A -B). 

10 c.c. liquor, iH„SO, t H.,S.,0., . o-|i0 ITlue--ul|,hal,„ ,,, 

iH,SO;j .• - „ AVlOio.lnio A-(li + (:). 

Whence , * 

Sulphur as sulphide 10 '0016 ■ 7-71 - 0 ^nuin suliihiti- per 100 c c. 

,, ,, sulpliite 10 .‘OOlt)- 2B'2t) * 0'0()8:{,, ,, ,, I0(» 

,, thiosulpliato 10 •Wl]f)**0'34 ©•0218 ,, ,, ,, 300 


‘2. (?as Liquor — 


10 e.c. liquor, ^ IIoiS+ !hS()^ MLS.p.j- 32A3 e.e 
10 c.c. liquor^ MoS . . •. 30'71* ,, 

O Hj.SO,, + H.,S.A . V42 

c.c. liquor, 1 W,S 03 t H.AA . - i :)3 i, 

*• ,ii„sfo, 0-(S ,, 

Whence • * 


N/10 iedilic (A) 

.0 1,* (H) 

,, ,, (A-ii) 

,, (C) 

“. ,, ,, (li ! C) 


Sulphur as sulphide, 10 x '0016 ^ 30’71 0'49] 4 yriim ,S per 100 c.c. 

• ,, salphite =10x-0016x2 xO-OO^O-OO’t) ,, 
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Siil'pliite, ii present, only exists in tips hljuor in insignificant amount. It 
is reasouablu to conclude that it absent, * 

U slioiild bo pointed 6iit Unit the iodiiieftiguro for oHoSO.j is I'cachcd by 
subtraction == A-(!) +C). This will eliminate, to a materia#’' extent, the 
(effect duo to interference of organic matter, as titrations A and C arc 
carried ont^ under very similar condiVons, while 11 is not considered to be 
materially affected under the conditions observed for ])reoipitation ot the 
zinc sulphide. , • * < 

Distribution of Sulphur m Ammoniacal Liquor.— If we subtract 
from the total sulpiiur found by bromide oxidation the sum of the con- 
.siituent sulphurs found as su^pliatc sulpliocyanide, thiosul])liate (determined 
by titration of the aeidilicd filtrate, from tlie sulpliidi' by N/10 iodine) and 
sulphide, a differeuce figunf is obtained, which lias proved to be invariably 
negative in sign, since’the adojition of the inip^ioved nicth(Al for estinv'ting 
sul])hocyanide. Kvideiiee had been olitained tliat some of tJiQ diflerenee 
noticed was due to the presence of sn][)liite, which caused tht' thiosulphate 
figure to largely exeeed'Mts proper value, hy reason of the factor for conversion 
ofN/lO iodine into suljiimr as thiosulphate Ixung O’OOdl gram sulphur 
per 1 e.c. N/IO iodine, while that for sulphite is only one-fourth of this. 
This has failed, however, to reduce the difb'renee figure to the limits of 
ex]>orimeutal (“rror, and the conclusion is reached, therefore, that organic 
matter is the ilisturbing (‘ause, as such differences are not noticeil when tlie 
.same methods are ap[ilieil, to determiiie the same constituents, dn solutions 
from which organic matter is excluded. Various considerations point to the 
thiosulphate titration as the one peiailiarly lialde to such interference; for 
this reason tlie lodme metlioi] of ('stimating this constituent lu ainmoniaeal 
liipiors is finally rejected, in favour of a figure aritlimetically obtained by 
diffbrenee. 

Cyanide (Hydrocyanic Acid).- -According to tlie Fifty-foufth Annual 
Report of tlie ('hief Alkali liispi'ctor, hydrocyanic acid in arnmoniaeal liquor 
of ordinary strength is conviuiu'utly determined hy means of Feld’s method, 
whereby 50 to 100 e.e. of tlie liijuor are distilh'd with excess of lead nitrate 
into 25 c.e. of normal soda and the distillate titrated with N/10 silver 
nitrate, m ith the addition of a crystal of potassium iodide as mdicator. The 
methotl is inapplicable, liowever, for the analysis of Inpior of liigli strength, 
as tlie amount of lead nitrate nspiiriKl to saturate the solution then b(‘Comes 
inconveniently great, and the liquor in the flask too highly charged with 
pri;ci])itate to admit of safe distillation. Tl^i cyanidb in such* liiiuors is 
more coiiveiiieiitly detennined hy the ‘‘ l‘olysul}rfiide ” method, whereby 
cyanide is cofiV(e-ted into thiocyanate by the action of ayiihoniiim poly- 
sulpbide, and titrated with silvi'*- nitrate. The amount of tliiocyanate and 
chhiride {ire-existing in the liipitir is ^Jctui’mined by a blank experiment 
and deducU‘d. ^ ^ 

The following i)roee(|ure is recoi'iiimindcd in the ease of liquor containing 
^a ymall amount ol' chloride : 

(1*) lUaiik -bO’c.c. of th# liijuor are run iKto lOO e.c. of boil¬ 

ing water in a flask, and tlie boiling continued to expel ammonia; iO c.e. of a 
saturati^d solution of iron alum are then added to tl^o liot liquor,^and^i'C solu¬ 
tion allowed to stMid 5 to*i0 minutes; it is then filtergl, and the precipitate 
wasli^d with liot water. To the col^^^ltratc 5 c.e. 50 per cent, nitric acid 
are-added, and tlie solution nitrated with N/10 silver nitrate. A sufficient 
excess of the silver solution (0'5 to 1 e.c.) should bb &<ddcd \o ensure 
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precipitation of all the chloride, jfnd the sohition fillcrod and •brought back 
with N/lO ammonium thiocyanate. 

(2) Convernon of Cyanide inio Thiocyanaie .—^§0 c.c. of the liquov arc 
run into ^0 \(i. of water, containing suOicient aiiiiuoiiiiun polysulphide to 
convert the whole of the cyanide* into thiocyanate (say O'l suljihiip as 
polysulpliidc per O’CT) HCy) and the mature diluted* to 250 c.c. juid allowt'd 
to stand 10 to 15 minutes. 100 c.c. of the ini.vturo—which should be yellow 
in oi»lour~is then boiled to remofo ^mnionia (10 to 15 mumtii's), with 
addition more water if re(|uired. To the hot .solution add 10 c.c. iron 
alum and proci^ed as above. The following are ci^ed by way of illustration 

Concentrated li(juor of approximate composition— 


Ammonia, .... 22'0 ])er cent, 
fulphurettod hydixtge.n, . 0'‘5 „ 

c.c. of liipior require 1 12 c.c. N’/lO AgXO,^ for (ddoride, ])lus 
thiocyanate = c c. p(;r 100 c.c. b(|U()r. 

Folynidphide 7in.>‘fure.- \00 c.c. liipior, 2'r) [lolysulpbide ( -O'l gram 
available suljdmr) made up to 250 c.c. 

100 C.C, require (u) I _ 

Whence 100 c.c. roijuirc -1'52 , 2'r)= 11-20 c,c. N/^O AgNO,,, 
deduct blank 2'<^4 ,, „ „ 

S-TG 

Whence 

Hydrocyanic acid per 100 c.c. liipior = 810-0 0027 - (L0228 gram. 

With liquors highly charged with chloride it is necessary to pixeipiiate 
the tliiocyiwiate as cuprous salt, as in the follitwing csUniation of thioiyanates: 
GO to 70 c.c. of distilled water arc raisi^d to the boil ni a suitalile llask and tlie 
boiling continued for a few minut(!S to e\p(d dissolved oxygen , 50 c c. of tin; 
liijuor under examination are then slowly run into tlie Ireely boiling water, 
and the boiling coitliiiued for 10 to* 15 minutes to ex[)el ammonium cj?Luide 
and sulphide. ,To the hot solution (IKT - 95“ ('.)ar(' added 10 c.e. ol a^ialurated 
solution of ammonium iron alum to jir(‘(;lpitate fevrocyaiiides and oxidise 
thiosulphate to ttitrathionate^ a sufheieut exci^ss being used to convert the 
thioeyanatc into the blood red iron salt. After sttnding 5 to 10 minutes tlie 
solution is* filtered, Ifrst by (kicantatu)n and subseipicntly by wasbing \yth 
boiling water. To the*still warm filtrate 'acid Kul|iliile ol soda is added, 
followed by a’c^jstinct excess of a 10 ])cr cent, solution of coppA sulphate and 
the solution allowed to stand, say forlnjf ay Innu’ at 50 — GO to coagulate 
the cuprous thiocyanate. Tlic^solitiou is then filtered and tlie jinaaiytate 
thoroughly washed with boibng* water until the final washiiigs rmiiain 
colourless on add(lition of a dilute sointhui of yolassiitu? Icrrocyanide.^ ^Ihe 
residue in the filter is then washed back into fhe flask and digested witli -5»c.e. 
of a 4 per cent, ^wlution of oausti# soda fThie from cUo»iclc) at 20“40'C. 
It is them filtered, and the filtrate acidifie?! with 5 c.c. of nitric acid (50 per 
cent. (^Pength) and td^'ated with N/IO silver mitrate, with addition of 1 c.c. 
of a saturated soluti(;n of iron alum as indicator.*# In somocases filtration of 
the acidified solution is cMled for before ^tration, and, in general, the onc^point 
is rendered sharper, if a slight excess ofthe silver solution is added (say 0 o c.c.) 
and the ^lutioir filtered and titrated with N/IO ammonium thiocyanate. 
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Sulphur afe thiocyanate, gram per. IQO c!o. = 2 x -0032 x o.c. N/10 AgNO,. 

Hydrocyanic acid, grani per 100 c.c. =: 2 x -0027 x c.c. N/10 AgNOj. 

Golman ' rocommeud^ the following method for concentrated liipiors:— 
100 c.c, of the Ihjuor is taken, if possible directly from the bulk tj bsxanalysed; 
if not, from a sample taken and preserved from contact with air as much as 
possible, ar,d slowly run from the .pipettc! into a flask containing about 
150-200 c.c. of boiling water, to whicii about 10 c.c. of N/1 caustic soda has 
been added. The water in the flask should have boiled for some miriutes 
before the addition of the sample, so as to ensure the removal of all dissolved^ 
oxygon. When the bulk of the ammonia has been driven off, a solution of 
5 grams of lead nitrate is addpd, and the mi.xture distilled for 20-25 minutes ; 
the distillate is collected in water containing 2.5 c.c. N/1 caustic soda, the end 
of the condenser dipping beneath the surface of the liepdd in the receiver. 
All hydrocyanic acid present as ammoniun cya.vide is found in the distillate, 
which is titrated with N/10 silver nitrate in the usual manner, .‘ulding’a little 
potassium iodide as indicator (1 c.c. N/10 AgNO^. 0'0051 grains H.d.N. 

Colman’s test for Ammonium Ferrocyanide and Thiocyanate.— 
A few dro])s of ammonium polysulphide solution are added to 100 c.c. of the 
sample till the solution shows [icrmanently the yellow ])oIysulphi(le colour, 
wlnu-eby any cyanide ])resent is converted into thiooy.anatc. After standing 
about 1.5 minutes lead carbonate is added to remove hydrogen sulphide, and 
the filtrate boded with addition of about 10 c.c. of N/1 caustic soda till 
most of the ammonia is driven off. The addition of a fixed alkali before 
boiling is necessary, as .ammonium ferrocyanide loses part of its hydrocyanic 
acid when its solution is boiled, and the prmious removal of hydrogen 
sul|)hide is necessary, ,as in the jiresence of ammonium sulphide, hot alk,ali 
causes a partial conversion of ferrocyanide into thiocyanate, thereby rendering 
the results for the former too low, and for the latter correspondingly high. 

The solution is made dnjlitly acid with sulphuric .acid, and a''solution of 
ferric alum added drop by drop till it shows the distinctive colour of ferric 
thiocyanate. The solution is tlicn filtered'through pulp, which retains the 
Prussian blue formed from the ferrocyanide, and is wa.shed with water con¬ 
taining some dissolved electrolyte, such as sodium or potassium sulphate 
(washingewith distilled water often causes.some colloidal prussiiiu blue to pass 
through the filter), d'he precipitate contains all hydrocyanic .acid present as 
ferrocyanide, and the filtrate all that is present’as thiocyanate. (With small 
amounts of ferrocyanide, it froipiently happens that the colour of ferric 
thjpcyanate makes it difficidt to see whethor any pr'ussian blue has boon 
precipitated, but this shows up distinctly on tho lilter-paper pulp after 
washing. Filtration should be carried out in all cases, as ovj'ii quantities of 
Prussian blue which cannot be estimated, if left in, interfere with the end 
reaction in the subsequent titratiop of the filhiate for thiocyanate). 

About 10 c.c. of norin.al caustic soda is poqved on to the, filter-paper pulp, 
containing the prus'sian bhv?, whidn decomposes it, forming sodium ferro- 
■eyanffle. This is waahecl out wiih water, the filtrate strpngly acidified with 
sulphftric .acid, and'■distilled according'to the mcthod'ttf H. E. Williams, 
with the addition of a little cuprous chloride, when all the hydrocyanic acid 
distils over, .and is collected iii> watiT containing abpiit 25 c.c. of, N/l' Baustic 
soda, as in the determination of the cyanide, the distillate being similarly 
titra^d with N/10 silver nitrate. A»convenient method is to use a 10 per 


‘ J.S.C.I., Dec. 1918. 
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cent, solution of cuprous chloride in hydrochloric )icid, some* copper* strips 
heing*kept in the bottle to niaiiitaiii tlic whole in the cuprous state. 

Two alternative methods may j )0 employed for eAknation of the' thiocyanate 
in the Rltrat\from the prussiaii blue, the first being the (juicker but rather 
less accurate for an unpractised eye.i " « 

The first method consists in adding to the filtnite a further quantity of 

ferric* alum, heating to 95" C., and after 5 minutes, cooling well, then 

addiiig diiutc nitric acid (free from nitrous and hydrochloric, agids), and 
titrating by VolluIrd’S method with N/lb s^vor nitrate until the red colour of 
the ferric thiocyanate disappears (1 e.c. of N/10 AgIS'O., = 0'0U27 gram HC'N, 
or 0 007f) gram JS'HjCNS). The solution in thif^case does not become colour¬ 
less, but almost always retains a pink colour, due to the action of the ferric 
salts upon the phenols present, and this malces the end point of the titration 
rather less easy to decide, but with a little practice ^here is no ditticulty in 
ascer^uing the point where Ihe colour.due to ferric thiocyanate disappears. 

To obviate* this dilliculty entirely, the second method which affects the 
removal of the phenols and other impurities [jres(«it is preferable, until 

experience has been gained in the titration by the first method. This 

method must always be employed if chlorides are present. In it, the 
filtrate from the prussian blue, which should l)e only slightly acid, is heated 
to bailing with the addition of more than sufficient sodium sulphite^ to reduce 
the whole of the ferric salt present to the ferrous state. If a large excess of 
ferric alum [las been used for prccii)ibati<)n of the fcuTocyanidc*, a (jorrespoiid- 
ingly largo amount of sidpliite is required. Cop])C'r siiljdiate solution is then 
added in excess and the precipitated cuprous thiocyanate filtered tlirougb 
pulp, waslied, and the pulp and precipitate stirred with a hot solution of 
caustic soda or sodium carbonate (free from chlorides) and filtered. The 
addition of a few dretps of ferric alum solution to the alkaline solution (form¬ 
ing ferric li^droxide) often facilibites the filtering iind waslung of the mixture 
through pulp, d’lie well-cooled filtrate is then acidified with dilute nitric 
acid (free from nitrous and liydnMiloric acids), ferric alum added as indicator 
and the titration wftli N/lO AgNO^ made as before, 4intil the colour of ferric 
thiocyanate disappears, the solutiownow becoming completely colourless. If 
the amount of j;;yanide has heen previously estimated, the auiount foiiiitl must 
bo deducted from tliat found as thiocyanate, as this ligure includes all 
hydrocyanic acid present as •cyanide in the origimd sanqde owing to the 
preliminary treatment specified with ammonium po^ysulpliide. 
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' CALORIMETRY’ARD PYROMETRY. 

General Remarks. —It is ol'ten ol' I^rcatcr iuiporUuico to know tbo 
cimipiirative calorific valiu's.vof fuels than the absolute figure. Tims, if a 
]nir(-h/ise of coal were being made, and a series of samples suiimitteil to a test, 
the one giving the highest (Calorific value—other things being equal—would 
be tlie most ceonomiilal. The quantity of ash and sulphur, the ejjse or 
difficulty of burning, the cost, etc., would also bo taken into Ciorjsideration ; 
but comparative heat values would be of equal service to a figure a'hsolutely 
correct. Tins would akso be tlie casi^ if it were desired to discover whether 
coal from a giviui source varied in quality from time to time. 

No calonuKTcr For fiuTs, however elaborate and costly, yields absolutely 
correct (laloriiic values. All are restricted in this respect liy the delicacy of 
the thormometei’ with which Ihi! tem]H‘rature is read. Any instrument, 
therefore, which yields concordant results, with a close approximation to 
accuracy, is of c(]iial service to the most (5X})ensiv(3 forms. For.all ordinary 
purposes. Darling’s calorimeter, used with the glass vessel, siithoes. If for any 
reason it is desired to obtain a figure cIosit to the absolute value, the copper 
vessel and shield made for tlic purpose should be used, and also a more 
delicate thermometer. 

“(tiioriHc values are sometimes expressed as (!) calories per gram of fuel : 
(2) pounddegree Centigrade heat units per pound of fuel; and'(h) British 
thermal iniits, or pound-degree Fahrenheit units per pound of fuel. The 
figures for (1) and (2) are identical;' and (3) may be obtained by 
multiplying (2) by I'. 

Thus, if 1 gram of coal gives 8230 calorics or gram — “ C. units, then one 
})onnd' (F coal will give 8250 pound —"(h niiits, or 82.50 x jj - ■ 14,850 
llritish Ihernial units. 

'V\\Q. evaporative jiowcr of a fuel expresses tlie number of pounds of water at 
the normal lioiling point 100 (f or 212 F. wliich would be converted into steam 
at, the same temjiorature by hnrning ione pound of the fuel. It is obtained 
by dividing the calorific value by the number repros*juting tlic latent beat of 
steam, which for ('entigrade units is 537, and for Fahrenheit/ulits 907. 

Ti ■ a 1 ' ir..u' 

f i bus, in the above case —• (tf - = lo’.U). 

Fvaporaiive po\\'OT-= 1 r)\36. * ^ ^ 

‘The “ Darling” Fuel C?lorimeter (hg. 37).—/I) Carefully gd-ind 
up an average sanfpro in a^' iron nva’tar,Hind weigli out 1 to 1*5 grams in the 
crucibl(3. Brush any particles from the sides into the mass at the tiottom. 

(2) I’rcjiarc a quantity vf 'water at a temperatune about 2'.5*,C. boiow the 
tomperalure of tPio room. * WatiT drawn from a tap ¥aries in temperature 
aoco».ling to the season ; hut usuall/'it will bo necessary to add a little warm 
water to it in order to bring it to the rcijiiiaite temperature. Measure out 
UOO c.c. into the vessel. 


02 
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(3) Place the crucible in positfon, and fast(!n tlie' pdass cov?r dowrt upon 
the nJbher ring by mciiiis of tlio screws, so as to form an airtiglit joint. The 
screws must only l)c turned until,a rosi,stance is fellt any rurtlief tiglitaniug 

orapk glass cover. 

(4) Insert the rubber corli into the lu'ck so tliat the igiiition-wine is 
cml>edded ui the fuel. Tlie cojiper wii;e should teruiinate ahoutrlovel with 
the lifn of the crucible, and tiic tube delivering the o.wgeu about 1 in(!li 
abo* the Surface of the fuel. 

(r>) Turn on a geiithi stream ui o,xyge,n ironi a cyliiifler or gas holile?-, 
and immerse the apparatus in the water, (larefidly note the temperature of 
the a (itei, and eomph'te the balt(‘ry cireuit. .As i^oon as the fuel is igiii ted, dis- 
oonnoet the battery. .Allow the combusliou lo proceed steadily iiid.il conipleteil. 
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then oontinTie passing the oxygcii, mi.xijig the water by lifting (he eoiiihiistipn 
arrangement up and do^ii, unld no further rise of tciii|)erature is oiiserved. 
Mote the teinpe^-ature, carefully. * 

^PrefautionS.—(u) The o.xygeu mnjt iijvcr he adiiiitfed so rapidly as to 
cause particles to he lilown out <^' tl^' eriicible. The time rec|uiri:d (o Imrii 
1 gram of average coal in a steady .stream of oxygen is about 5 imniites. 

(f/) If the samjile is observed to biiiai Kith a, i^nokj ITa*iie, the coiiilnistioii 
mustrhe stop[)ed, as tlie result will be valueles's owing lo uiduinit carbon* ,'A 
second combustion stl'oiild then bo ])(»'foruic(iw*itli the cud (rf the oxygeirtube 
one, inch below the cork until all volatile ma tter has burnt off, after which 
tile tiibglnay be pu.shed'd^wn to the crucible awl the combustion com|ileted. 

(c) During the cmiibustioii the tube dclivnrmg the oxygon should be 
moved about so as to ensure that every»particlo of coal is consumed, ^'he 
flexibility of tlie rubber cork allows of this operation being easily perfonned. 
In every cJlse near the end of the combusliou, tlie supply of oxygen should be 
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sufficient to ckiise tlie crucible to bocoyie visibly red-hot, whereby complete 
coinliiistion is secured. ‘ 

(fi) The calorific value is calculated as follows :— 

(Weji^jlit of \vator +water cijiiivaleiit) rise of teiuperaturc value 
' Weii^ht of fuel Vikcn 

1 cubic ccutiiuctre of water is taken ^s weighing 1 gram. If a.Faliro,nheit 
.thermonieter is used, the result will express British the'rmal uuits per pound 
of fuel ; if Centigrade readings are taken, the figure will represent either 
calories per grain or pound-degree C. units per pound. 

E.rainj/lt — 1 gram of Welsh steam coal burnt as above. 

Water taken =41 kOO c.c. or grams. 

Water cq'uivaleiit of ajqiaratus aiuk vessel ^ grams. 

Temperature' of water before combustion — 11“ (\ 

Tem])erature oh,water after combustion = 1 C. 

Temperature of room — lGi)° (-. 

(laloriiic value = 

^..- - ■ - 8.541 cals, per gram, 

or 834 I lb. - ” C. units ])er pound. 

9 ’ 

8.'54 I X-k 15,014 British ibermal units ])er pound. 

Evaporative [lower — — 1 o-ftl. 

The “Bomb” Calorimeter.—This t 3 'pc of ealorimeter is the nearest 
to perfection and lends itself to the ultimate analysis of the fuel at the 
same time. , 

The bomb (iig. 3)8) is usually made of steel, and is lined with enamel or 
nickel, or for very a(;curate work with gjild or platinum. It is provided witli 
a tightly littiug cover, held firmly in place on tlic gasket l»y a collar screwed 
down on Ih outside Through a valve in the cover oxygen Is admitted for 
combustion. Tlie (•;i[»sule in which tiic eoid is [ihu^ed for combustion is 
sujiportod, near the c.enki'c of the boml), on one of the (deetrodos, which in 
turn is attached to the cover. The other electrode [heroes the /‘over and is 
insulated from it. The bomb staiias in a'calorimeter vessel containing a 
weighed quavtity of water (usually about 3000 grains). MidwTiy between the 
bomb and the siiki of the vessel an aeemrate thermometer, ^whicli,»-with the 
aid of a cathetometor and tek'S(?op(;‘mav be road to tbousaiidtliH of a degree, 
is "introduced through the cover’of the calorimeter and fixed in place with 
the bulb of the iltf rmometer o][^)ositc the* centre of thsj bomb. While a 
detwmiiiatiou is«bcing%nadO, the watilV is thoroughly stirred ataunifori'A rate 
with, a stirrer wliiiji [irojects.ii^rough a bole in tbe cover. The air apace 
between the inner and oftter [laik serves as an insulation from the heat of 
the room, b’ur accurate work this space is also tilloj with water, and in that 
ease it also is [provided ^'^tfi stirrer and thennoifteter. 

Formula for Calorific Powy:— • * 

_r(W-hw) (‘238 N + 2a-f 1'6 E) 

^ — 
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C = calories produced b/burning 1 gram. 
r=i corrected rise in temperature. 

W == the weight of watoi»in the calorimetoP in grains. 
,w =Vlie water vahio of the calorimeter. 

N = mgms. of nitric acid formed. 
a== mgrns. of sulphuric acid ff^rmed. . 

F-^ingms. of iron wire (used for ignition) burnt, 
weight of the sample coal burnt. 



t • 


The acids being estimated ;ffter*the test by chemical means. 

In the modif¥!ation by Dr.^K. Ivroeker there arc entj;aiiee and exit tubes, 
by means of which a current of dry iifc may,,af^ier tlje experiment, be passed^ 
through the bomb, ;iiid the escaping gases^ind water vapour collected in the 
usual weighed cifleiiiin chloride thbes i^iid potivsh bifllA, allowing for the 
determination of the water and, if desired, of the carbon dioxide produced 
in thf com2}ustio;i. * » 

Oalorific Vauue of (Ia^^em. 

Junker’s Calorimeter (fig. .'la).—This calorimeter is made of (Copper, 
and coiftists of^a «ombustIon chamhor surrounded by a water-jacket, passing 
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vertically Uir'oiii;li which are a iiuniber of tubes open at both ends. 
Surrounding this water-jacket is another jacket, which forms an air space to 
preveat loss of heat by raillfation. The wato’, after passing through the inlet 
funnel (provided with an overilow to keep the head of water co'jstant), flows 
through p regulating cock and over the hull) of the inlet thermometer. Thence 
it circulates around the vertical tubcf previously mentioned, and, becoming 
heated by the products of combustion, rises and flows past a series of baffle 
plates and an outlet thermometer tp tl/e outlet furine). From tliere it is 
conveyed by a ])iecc of flexible rubber tube either to a measuring cylinder or 
to waste—the tul)ing being'manipulated by hand. The gas, after passing 
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through the governor .and mover, is burnt in a l^unscu burner, and the 
products of cumbustion, rising up through the conibustion chamber, arc 
deflecLeil at the top and fall down through the vertical tulles—thff latter 
communicating their heat to the ‘watbr circulating around them. The pro¬ 
ducts issue tiii'ough a huge tube [)rovi(led with a regtilating v.alve. Any 
condensed waiter is Iwltaway by a tu»be, co)lleetM and measured ; the amount 
- collected enahliugut corrtectioh tu he made for the latent heat of the stoam 
generaied during t()C„combustioi;«S’i the gas. \ 

The apparatus is used ifi the folhjwing manner :—After the thermometers 
have been put into position l^hc water is turned on Jiy tlio cock (/I, and 
when it is rnnning,from bot;h overflows the gas is iitVnd burned ‘at the rate 
of from f> to 8 oibic feet jjer hour.. The tempcrakii-e* of the water at the 
outlet" will begin to rise until a temperature is obtained at which it will 
remain constant. The speed of the water passing through the apiJixratiis is 
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then regulated by the cock (/), so that there is a difference! in teinperatur, 
between the inlet and outlet tlicrmoineters of 10", to 20'C. As soon as tin 
difference is nearly constant anti the condensed water is dripping regrdarli 
from the'pijiB (d) the test is commenced. Wait nntii tiic index of the gas 
moter, which registers the gas consumed by tlie flame, pas.sos anv^rtmulai 
point, and tlien rapidly move tlie hot water over'froin tlie fuimol to tin 
measuring cylinder and place a siualj measuring cylinder under the coiidensec 
wattir outlet. TJie readings of botli theriiionietcrs are taken evefy minute 
the test being continuod until about one ehbic foot of gas ha.s passed, and the 
measuring cylinder, which should be of sufficient size, is filled to the mark 
when the meter is read, the warm water tube* (lonnecti'd to waste, and the 
condensed water cylinder removed and road. The gross heating’value of 
a gas when burned is olitaiiied from tlie formula 


where H is the gross calorifie value of 1 cubic fo it of gas, 

W is till! quantity of water lieated in litres, 

T is the difference of tomjicraturc in degrce.s (J. between the 
inflowing and outflowing water, 

(i is the quantity of gas burned during tlic experiment in cubic feet, 

and represents tlic total lieat generated Iiy tlu' coiiiinistion of tlie gas, 
including tlte latent heat of the steam produced, wliicli steam is condensed 
^0 water in tlic calorimeter, giving up its latent heat of vaporisation to tlic 
circulating water, i o obtain tlie net calorific gallic it is thus iieeiissary to 
make the following correction : 

llie latent lieat of steam is 0.18 calories, v r. to c' aporate 1 litre of water 
from the boiling point to .steam would absorb as iimeli heat without rai.siiig 
its tcmpcriTtiire as would raise it .1.18” (f, therelorc in reducing steam to 
1 litre of water at 100 " C. .1.'18 iii^ts would be liberated, and in bringing this 
down to atmospheric temperature (15" C.) a fiirtlier 85 units shoidd be 
added, making it in all 621 units per litre, or '(123 units per c.c. Therijforc 
the iiumbor of c.c. of water condensed from 1 eiibic foot of gas multiplied by 
•fi23 will represent the heat generaWxl during the burning of 1 cuhiJ foot of 
gas due to the latent beat of tlie steam condensed. Tills should be deducted 
from the gross caloritic valm* the result being the net calorific value per 
3 iibic foot gas in cidorics, wiiicli, multiplied by 3'97, gives it in H.Th.Us. 


E,i‘ample- 


"Tiiiiiperature on inlet, 

,, ,, outlet, 

,, ,, <»itlel products,. 

Gaij passed, , 

Air temperature, . I 
(las tciiqieratiiro, 

Watft-collected,. 

1-230 X 11-2 r * 

-- . ^ = 13i '1 b gross calories per cubic foot 

■' • . 

Water KindenNcd, . . . '. I'Se.e. 

1-8x06 -^0 = 10-8 to bo flcdiicted from the gro.ss 

137-76 “ 10 8 = 126-96 net calories per cubic foot 

126-9B X 3-97 = 503-63 B.Th.Us. (net) per cubic foot at N.T.P. 


15-6" 0. 

26-8" C. 
ir)-6"C. 

(^-10 cubic feet 
T5-6",C. 

15-6" 0. 
r-2<!0 litres 
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The “ Boys” Calorimeter (fig. 46).—This calorimeter consists of three 
parts, which may be separiited, or which, if in position, may bo turneH re¬ 
latively to one another ab*C)ut their cominonOixis. The parts are; (1) The 
base carrying a pair of burners and a regulating tap. The upper surface of 
the feaso'.'s covered with a bright metal plate held in position by three 
centring ana lifting block's, which are so placed as to carry. (2) The vessel. 



Fio. 40. 


which is provided with a ceulral copper chimney and a condensed Water 
outlet. (3) Restfti^ on tjie rihi of the vessel is the watev circulating system 
of the calorimeter attached to the lid. ^ 

Except for tlie differcucp design the action Vno “Boya^ oalqfimeter 
is the same as with the Jiiliker instruiuent. • 

i'he Simmance-Abady Calorimeter.— In this instrument (fig. 41) 
the thermometers are placed side by side for convenience in reading, and 
there is also a water-level tube B provided, to enable the ftperator tfi see that 
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there is a constant head of water, and therefore’a constant flow of water 
thrdUgh the calorimeter. The water flows three times from the bottom of 
the instrument to the top tlirongh narrow annulat ehambers, being conjjucted 
ftora thp td^ of one annular chamber to the bottom of the succeeding one by 
four small tubes, Finally it flows past the outlet thermometer^ the 


fl': f'f, 

i=l: 


Fill 41.. 

measuring cyiiiiaer or lo waste, tHting fuifiicl C attacbed. to tlie outlet 

enables tlie outlet water to be diverted as required witliout disturbing the 
rate of fldw throu^u tfie lustrumeut. The ga»Jmrner is_^fitted with a mirror 
which enables the uanie to be observed during a test. Ihe calorimeter is 
packed with -asbestos and lagged with mahogany strips to avoid radiStiou or 
absorption of hes^t. 
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The- conde»icd water, ^or condensed combustion products, are collected at 
D, when a net figure is recjnired, the method of carrying out a test being 
exact^v the same as with the .hinker instriinipnt. 

Simmance-Abady’s Recording Calorimeter (Calor/Gr^ph). 

Its }ii(ina.ple .—In this instrument an adjusted volnnie of gas is burned. The 
heat friilit'ihis combu.stipn is absorbed by a regulated (piantity of air which 
then passes over one nicmher of a diH'ercntial thennouieter, the other 
member of \yliich is affected only by bbe room (air) teinperatifre. The 
indication of the diilerential thenpoineter, Avhicli is thus a measure of the 
heat given oft by gas on combustion, is recorded by means of a pen upon 
a chart passing over a clock drum. 

The Constant Consuinption of Gas.— The consumption of gas is 
antomati(;a]ly controlhid fty means of a balance governor, viz., by the 
difference in weights betwe('n eipial volumes of air and the gas being tested, 
the valve closing in direct proportion to the gravity of tlie latter. When the 
densities of both air and gas change, the action is reversed, thcMxteiit of the 
action still being in e.\ae,t ratio to the gravity (as distinguished from density). 
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Tne Differential Thermometer.' — The ditl'erential thermometor 
consists* two metal diaphragms filled ^ with air, one at each end of a 
balance hoain. .Any iiiuveiiieiit of this heaiii is transferred to a jien which 
records upon the chart as it passes over a revolving dniiii driven by clock¬ 
work. The volnnie of air ifi the diaphragms will vary as their teniperatiires 
vary, so that they will e.vpaiid or contract, aiul«thiis cause a moveiiiciit of the 
beam, and a consequential inoveniciit of tlie pen. its, however, the right- 
hand diajihragni is afl'ected only liy the temperature of the rijoih (coy air), 
while the left hanirdiajihragiii is I'il'eii'ed by tlie heat of the flame as well as 
the ryom teiiijicratiire, the movement of the pen, which is the difference of 
the two effects, is proportioned to the iieat obtained from ,tho combustion 
of gas. * ‘ • 

■“ ' f^'.iOMBl’RV. 

The old-fashioned mcthofls of iisif.g Seg*or cones (fig. 42) arc not applicable 
to coke-oven practice. ^ 

The Thermp-Electrjc ' Pyrometer. — 'I’hit type of • pyrometer 
depends for its action on the fact th^t when a junutioh of two dissimilar 
metal? i.s heated, an cloetro-niotive force is set up at the junction which 
gives rise to an eleotrie current when the circuit is closfd.. Thistelectro- 
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motive force varies with the ' teiiiperature of fho junction, hetfce tlie 
measurement of this electro-motive force may be made to measure also 
the temperature of the spot wjierc the juuetioil'fs situated. The q;ietal 3 
used to /orfh the junction are usually platinum and platinum alloys. 

The Platinum Resistance Pyrometer (fif;. 43).—This pyr^ ieter 
works on the principle that platinuip increases ip resistance trf^fnBC in 
temperature, therefore the measurement of the rise of the increase of 
resistance*may be made to mca.surcf thf •temperature. The necgssyy current 
is obtained from two dry cidls, it bcino mepsured by means of a galvanometer. 

The Fery Radiation Pyrometer (fig. M).—In this instrument the 
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radiant energy from tl^c source of heat is'foeussed by the aid of a niiTror 
upon a small thermo junction, wliirfi is therefore lieabal, and delivers current 
to the Indicator, which is Cidibrated to read direct the»tcniperatnre (jf the 
body at which the instrument js pointing. The advantages of these 
pyrometers are obvious, since the instrifment need not be inserted into the 
furnace, and thcTcfore does nol under^o«deterioration •vfiiig to the continuous 
acWon of the furnace gases as witli the dirccAly*lieiitfid tliefmo-juiictioir types 
The Fery Spiral Pyrometer. —l’h%justnmient,is,a simplor and more 
compact, though less accurate, pattern than tliif Fery Itadiatioii Pyrometer 
alroaijy described. The metliod of receiving t^ie I'adiaiiL heat and focussing it 
to form a heat imi^e ^hioh covers a sensitiv(?,elemcnt ,in the telescope is 
exactly the same as f»r the Fery ibi^iatiou Pyrometer, but the diflcrcnce 
consists in the sensitive element. Instead of using a tiicrmo-couple which 
must b» connected to a luillivoltmeter outside the instrument, a very small 
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\ ( ■*' 
bi-met'allic spfral is use(i, and this controls the movement of a pointer which 

moves across a dial calibrated in temperature degrees. The instrurrfent is 
thns.entirely scIf-contaiireO. < 

Fig. 45a shows the ooinplcto instrinnent on its tripod. F^J;. 45b shows 




B 


Fio. 


4.f 


c 


a sectional view through tly? pyrometer, R being thj bioiiotallic 4ipiral, C the 
concave mirror, 1’ tlie ])ointer, and ll^the scale. Tli»sp*ral is shown, greatly 
onla?ged, by ‘Fig. 45c. 

The action of the spiral when heated will be understood,from the^ollowing 
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consideration. If two strips of metal, having dWerent cosfficients of ex¬ 
pansion with temperature, be soldered together to form one strip of double 
thickness, then, if the temperature be changed,* enc side of the strip will 
expand ijr (Switract at a different rate to the other. If the strip is fixed at 
one end only this varying expansion causes the free end to bend over so that 
it moves through a measurable space for a comparatively sma)J»*hl(frge in 
temperature. In the Fery Spiral Pyrometer the strip built up of two 
disiimilai* metals is rolled flat and rerythin, and coiled into a spiral shape, so 
that as its temp?rat*ire is raised the spiraj uncoils. This spiral is very small, 
actually meaijuring loss than ^ of an inch (■'! ram.) diameter, and /^ ths of an 
inch (2 mm.) wide. It is fixed at the centre and its free end carries a light 



aluminium pointer whfcli moves across a dial. The instrument is calibrated 
so that the rdfidiiig of the pointer on the dial iiidicatc's diijietly the temperature 
of the body on which it is sighted. 

The Cambridg-e Scieiltifit Recording Galvanometer.—Tltis te 

cording galvanometer is so arranged js to give a i^^ios of records of the 
instantaneous deflections of a galvaifometci; peSntew Ths method employed 
for producing tjjose records has the a(>sintage of prod\icing continuously 
visible records, while avoiding p?n-friction. Fig. 4Gis*a diagram showing 
the essential piarts the rcc^ordor. A is a galv.anoinctcr pointer turning 
about its ffxis B, anU O'^rhauging a drum (I. Betweeu the pointer A and the 
drum C an inked thread 0 is stretched p.erallel to the axis of the drum, and 
at a short diatanee above its surface.* A presser-bar D is situated ab#ve the 
galvansmeter poster, and this bar is normally held free of the pointer by 



74 


COKE-OVEN AND I!Y-I'kI)DUCT W0EK6 CHEMISTRY. 

means of a cam E and its follower F. At regular intervals the cam E makes 
a half-revolution, allowing the presser-bar D to fall upon the pointer A and 
then ^raising it again t4>'its normal height. As the presser-bar falls, it 
depresses the pointer on to the drum, nipping the inked threacL^betkWeen the 
pointer and the paper. The pointer end has a knife-edge on its under side, 
which ’ices a dot iip(>n the paper at the point of tlic intc’rsection of the 
pointer and the thread, thus making a visible record of the instantaneous 
deflection of the galvanometer. ‘ 

The galvanometer pointer is hinged so that it can be depressed without 
bending the suspension. In the intervals between the reproduction of the 
dots the galvanometer i.s, of course, free to take up its true dellection without 
frictional errors. As the dot is always jiroduced w'here the thread and the 
pointer intersect, it will be obvious that by suitable arrangements of the 
galvanometer cocllicient, jiapor with rectangular cu-ordiuates of uniform scale 
can be used. 



CHAl’TER IX. 


BENZOL RECOVERY PLANT. 

Benzol in Benzolised and Debehzoliged Oils.— S.'iO c.o. of the 
benzolised or .'jOO c.c. of tlie debeiizolised oil is distilled from ii litre distilling 
flask up to 200“ (1. Tlie distillate (a mixturt of light oil and water) is 
separated, and the oil distilled from a 100 e.e, round-bottom flask, fitted 
with a tw(vbulb iractioiiatiou eoluinn. 

The fractions (1) up to i*20'(1, (2) 120” C. to IGd' t)., and (.1) 160° C. to 
180° (1. are’cftljected separately. 

The total distillate at 1S0"(!, give.s the percentage of crude benzol in the 
oil, the three fractions being e(illeeted scjiarateiy, in order to he able to forui 
.ail idea of the (piality of the benzol. 

Total Sulphur in Benzol, Toluol, etc.-(u.) 'I’lie following method' 
has been tried by the author and found to give very satisfactcjry results. The 
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benzol or toluol is weighed into a. fared flask (fig. t7), and evap(p-;»t(!d by 
drawing air tlirough it, the benzflliscd air pa.ssing through the silica tube 
heated to redneB.s at two jtoints, to ensure complete combustion. The 
products of combustion arc passed through a solutkin of pure sodium hydrate, 
contained*!!! wash bottles. A little l^romiue or hydrogen jiero.vidc is added 
to facilitate oxidation, t|(e solution acidilied with hydrochloric .acid and filtered, 
the sulphur being jjrecipitated as barium sulphate. • 

(i.) *Hcwett's modification of the Uoland Wild fuel ealorimeter (fig. 18) 
can be used successfully for thjs ei^iniation. The body of the crucible^is of 
nickel, to which the thread is firmly soldered. The lid is turned to a loose fit, ^ 
to allow of easy* removal, the tightr^esa of the joiut» depending upon the 
smooth surfaces and the paper washer. The' crueihlS lid ffirms one ptfle and 
the pillar the othurf the latter bcir^ insuliNid by a mic* jvasher and a small 
rubber sheath between the nuts. * 

Tl^ estimation is uarriod out as follows :-j-20 grams of sodium peroxide 
is separately weigheu out. The crucible is thcn‘,tarcd and less than 1 gram 
of the material weigluol in, preferably# from a small dropping tube. ^ The 
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sodium peroxide is then‘added, and the wh61e quickly and thoroughly mixed, 
using for this purpose a piece of bent nickel wiro. After tightly closing the 
crucil)lo, the mixture is fifed by pa.ssiiig a current from a suitable accumulator, 
and if necessary the crucible prevented from becoming red liot/loy jmmersion 
in distilled water. The crucible is then opened, and the contents thoroughly 
w'asheTI Tilho a beaker, oi; better still, ^tlio crucible itself is immersed. Rapid 



solution of the fused mas.s takes place, d’he crucible and lid are well wasliod, 
the washings being added to the eoiitonls of tlie beaker, which are made 
slightly acid with hydrochloric acid, this acid solution being filtered, boiled, 
and the sulphur ])recipitated with liarimn chloride in the u.sual manner. 

{<■■) Another method.^—A convenient quantity (0'7-t 5 grhiiis) of the 



substance is weigheft tnto a jmall [ftatinnm crucible containing .3 to t grams 
of a ftiixtnre of four parts of pure lime to one of anhydrous sodium carbohate, 
and ifttimatoly miiied with it. ‘fhe crucible is then filleik with the mixture, 
covered with a small platinum di*sh, and inverted as shown (fig. 49), the 
dish being then also filled xsitli the mixture. A^thick pad of asUstos is 
placed over the crucible, and the whole placed into y muffle furnace and 
kep^ at a bright rod heat for two liionrs. The aslffcstos is used to keep the 

^ 15tli Dticembor 1 !)05. 
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top of the crucible cool until the oxidising mixture itf hot, when-it is removed, 
and the oils distil downwards, the sulphur compounds being oxidised and 
arrested. After cooling, the mixture is washed 1»to water, the sulpjiides 
oxidised witl?'bromine and the solution then fdtercd, boiled, and the sulphur 
precipitated with barium chloride. 

Note .—With volatile liquids, the jveighings sl^ould be carr'#«!^^?ut as 
quickly as possible, care being also taken to handle the base of the crucible 
as little as^ossib^o. ^ • . • _ ^ 

id) The following method is also recommended :—Fit up the apparatus 
as shown (tig.*50), place in the lamp 80 c.c. methylated spirits and 20 c.c. 



of the sample. Place round the lamp lumps of sosi|uicarbonate of ammonia. 
Cover the exit of II and the inlet (' with distilled water, and start the suction. 
When all is burnt, add to the lamp another 20 c.c. of methylated spirit and 
burn again until empty. Add the water from A and 1! together, and feat 



4 In. hclc for 


# VapQurs. 

Fig. 61. 


as with flic condeiRings obtained iq the referee’s gas test. Also test^ the 
liquid in C, which shoiiid be free from sulphur. 

(e) The frjlowing method, by the author,’ is useful for hilavier oils such 
as naphthas, etc. 0'2.J gram of the oil.is w^nghed on to 2'^rrams of precipitated 
silica and intimately mixed wilji it^ grams of sodium peroxide, and 0 2.5 grimi 
of potassium chlorate are then weighed’ out and mixed with the silica ahd ^ 
oil in a nickel crucible of about 40 q.c.» capacity, and.Which is fitted with a 
liJ into which three holes have been dotted as slFown (tig. 51). Iwto the 
two side holes fiitc' glass tubes arc^fixed w^k which to iiiijiilate the wires con¬ 
necting a resistance wire fitted inside ^s showit (fig. 52). The crucible is 
placed in a dish c.f d’ttilled water, the level qf the water being I inch below 
the lid. A basin js iiiveried over the central, hole to prevent any of the 
mixture being los’ b^ splitting. Thi# combustion is then started, and only 

’ (las World, 20th January 1917. 




78 


COKK-OTEN AND BY-PRODUCT \Y'OKKS CHEMISTRY, 


requires a few seconds, after which the crucible is overturned into the water, 
and the whole boiled up. The solution is then filtered, acidified, and the 
sulplpir precipitated as biforo. , 


Ptatinum 

Basin 



Fic. 52. 


The Flash-point of Spirits and Oils.— Oils sent by rail aro classed 
under three heads, according to their liash-point, for which different rates 
are charged. 

The Hash point of a spirit or tul is the empirical temperature at which it 
gives oH' sutticiont vapour to ignite momentarily on the introduction • of a 
Ham^ or spark, when the oil is heated at a given rate, in an apparatus of 
given construction and dimensions, and a defined igniting agent is applied in 
a given miinner. 

The legally recognised method of deten^dning the flash-point of an oil 
in the United Kingdom is that designed by Sir Frederick Abel and embodied 
in the !\;troleum Act of 1879. 

The, manipniation of the Abel Tester (fig. 53) is there set forth as 
follows:— 


“ Petkolkum wVcT, 1879 (42 and 43 Viet. C. 47). 

“ Mbde of tesfliuj Veirolmm. w as fo ascertain tile teviperatures a.t which it will 
‘ mve off injlanivuifde vapour. 

“ Tlic test apparatus should be^daded for use in a position where it is not 
elposfed to currents of air or draughts. ‘ 

“ The heating vesscl^or water bath is filled by pouring watei* into the funnel 
until ittbegins to flew out?at tRe F*f)out o*f the vessel. » 

“ Tlje temperature of the watpj^at the commencement the test is to be 
130“ F., and this is* attained in the^ first instance either by mixing hot or 
cold water in the hath, or in a vessel from whicli the bath is filled, unt^) the 
thermometer which is provided for testing the tenfperature of‘the water 
givas the proper indication; or by halting the wator^wilh the spirit lamp 
(whiclh is attached to the stand of the apparatus) until dhe required 
temperature is indicated. 







Fig. 53. 

“It the water hai b»en heated too it is easily reduced by potjfing 

in cold water IRtle by little (to replace a portion of the warm’water) until 
the thermometer gires the proper reading. 
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“W’lieii a tpst liaa lioofl coiiiploted, this walcr-batli is again raised to 130° by 
placing tbc lamp nndorneatb, and the result is readily obtained whilh the 
petroleum cup is being (Jlilptiod, cooled, and* relillcd with a fresh sample to 
bo tested. The lamp is then turned on its swivel from under tlfc ivpparatus 
and t!fc.e_,^xt is proceeded with. 

“ 'rheStsst-lamp is prepared for u.se,by fitting it with a piece of flat-plaited 
candle-wick, and filling it up with colza or rape oil up to the lower edge of the 
opening of the spout or wick table. * . * * 

“The lamp is trimmed so that when lighted it gives a flame of about 
O'lD of an inch diameter;' and this size of flame, which ks represented 
by the projecting wdiite lca(^ on the cover of the oil-cup, is readily main¬ 
tained liy simple manipulation from time to time with a small wire 
trimmer. 

“When gas is available it may be conveniently used in place of the little 
oil-lamp, and for this purpose a test-flame arrangement for use with gas has 
been devised, which may be substituted for the lamp. • 

“The bath having *been raised to the proper temperature, the oil to be 
tested is introduced into the iictroleum ouj), being poured in slowly until the 
level of the liquid just reaches the point of the gauge which is fixed in 
the cup. 

“ In warm weather the temjierature of the room in which the samples to 
be tested have been kept should be observed in the first instauee, and if it 
exceeds 05° F. the samples to be tested should be cooled dow;i (to about 
60° F.) by immersing the bottles containing them in cold water, or by any 
other convenient method. 

“The lid of the cup, with the slide closed, is then put on, and t)ie cup is 
placed into the bath or heating vessel. The thermometer in the lid of the 
cup'has been adjusted so as to have its bulb just immersed in the liquid, and 
its position is not under any circumstaiiees to be altered. • 

“ When the eu]) has been placed in a proper position, the scale of the 
thermometer faces the operator. * 

“ The test-lamp is then placed in position upon the lid of the cup ; the lead 
line or pendulum, whicli has been fi.vcd in a convenient position in front of 
the op'emtor, is set in motion and the rise of the thermo^meter in the 
petroleum cup is watched. * 

“ When the temperature has reached about^f!" F. the operation of testing 
is to be commenced, the »est-flamc being applied once for every rise of one 
degree in the following manner a— 

“ The slidi»is slowdy drawn open wdiilo the jienduhftn performs three oscilla¬ 
tions, and is closed during the fourth oscillation. 

V^oie.—1 f it is desired to employ tRn tAit .'qiparatus to determine the 
flashing point of th*qjls of very lox^ volatility, the mode of .proceeding is to 
be nittdified as follows : 

“The air ohau^iar which surfounds yie cup is tilled with cold water to a 
depth of IJ inches and the*heating*vcssel or water bath is filled as usual, but 
also with cold water. The laaij) is then placed undcrithe apparatus a^l kept 
there during the entire o^Ieratiou., If a heavy oil*is being dcfllt with, the 
opei^tiou may be eouimcnced withVvater previously heated to 120 instead 
of with cold ’vater.” 
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ANALYSIS OF CRUDE BENZOL 

Ilecc/yertd either from (Jasi, by Scncbbini/ or from Tar by Dutillation. 

(According to (•oliiian and Yooinan, in a papor before the Lond<-.vV 3 ection 
of the Socict}’ of (’hoinieal Indfistry.)^ 

preliminary Distillation. —okl of tlie sample is directly distilled, 

* using a Young iL^buib pear column, and tl^e distillate to 200° C. collected. 

PuniJ-'lCATION OF THE DlSTlLLAil'E TO 200° C. 

In order to purify the distillate, not less than 200 c.c., and preferably at 
least 250 c.c., is shaken withfime-ipuirter of its volum(?of 10 percent, acpieous 
caustic sod^,,gall()wed to settle, the caustic layer run off, and the oil washed 
with water, winch is also run off, and the voIuiik; of residual oil measured. 
The loss of volume represents approximately the vol ime of tar-acids in the 
volume of oil taken. 

After alkali washing, tlic remaining oil is sliaken fur 5 minutes with 8 per 
cent, of its volume of concentrated sulphuric acid and allowed to settle for 
15 minutes. 

In the process of shaking with concentrated sulphuric acid, small 
quantities oi aromatic hydrocarbons arc absorbed in addition to olefines, so 
tliat tlie percentages of the former subse(]uently found are always rather lower 
than the (piantity present in the origin.al material. As, however, in practice, 
the products have also always to be washed with concentrated sulphuiic 
acid, the results obtained for the percentages of aromatic l^airocarbous truly 
7 ‘cpresent the maximum (piantitie.s of these which could he obtained, provided 
that the w.tshing to which they are subjected on iho small scale is Rot more 
severe than that wliieh they receive in large scale practice to remove the 
nnsatiirated coiiqxiunds. The quantity of acid given abovt 3 , namely, 8 per 
cent, of 95 ])er cent, acid witJi 5 minutes’ shaking, has l^oen found to effect 
a satisfactory removal of the uiisatftrated compounds with all samples tried, 
and not to Ciwise extensive absor|^)tion of aromatic hydi;j^arbons, cud such 
absorption of these as does take place eiiielly afl'ects the xylenes, which arc 
more readily attacked by sif^phunc acid than is toluene, whilst benzene is 
still less afi'ccted. 

Satishfotory washing can b; oiitaincd with many samples by the ust; of 
less than 8 pCi cent. ofiEulphuric acid, but it is nut an easy matter to judge, 
except \yj trikl, how far this can bo reduced, and the nse of flie full 8 per 
cent, does not appear to cause undue r( 4 »novd of the benzene, and toluene in 
any case, if shaking is not prol«ngeil for more than the specified 5 minute's. « 

The strength of acid used sliould closely approximate to 95 per cent. 
H 2 SO 4 . Water is then carefully ad'led' down* the ^sfdn of the separating 
■ fimiiel, so that it floats on the top of th^i acid layer, which thus becomes 
visible. With soffio oils the darke»ing oy sh?ikin^ with*afid is so grejft that 
the boundary between the two layers can only be perceived with great 
difficuky uittil wpt'^r iff ^dded in this manner. •The acid layer is then run off, 
and the oil washed oy allowing a tliin stryim of water to fall through it without 
shaking. After rouniug off the water,Che od is shaken successively wikh 10 
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per cerrt. aijueoiis .caiistie soda, and finally ivith water, only gentle shaking 
being oniployod, so as to avoid, as far a.s possible, the formation of eranlsione. 

'r]ic dilierencc betvvecn the volume now remaining after complete 
separation of water and the volume remaining after washing with alkali gives 
an .approximate indication of the volume of nnsalurated hydrocarbons 
(chiellj^rlelines) winch le^pe been absorbed by the sulphuric acid. 

Ill addition to the olehnes, other unsaturated hydrocarbons are present 
(dienes, etc.) which are not absorbed by the sulphuric acid, but itir its 
presence chiefly undergo polymerisation, yielding high-boiling hydrocarbons ^ 
of unknown constitution, hi,iling mainly from .300° to d00° (1.,.which remain 
dissolved in the oil, the olefines also yielding polymerised hydrocarbons to 
some extent. The actual amount of such condensable hydrocarbons varies 
greatly, and is much higher in products derived from the carbonisation of 
petroleiini products tlgui in those obtained from coal. An approximate 
estimation ol the quantity of these is obtained from the volume of the residue 
left at 200° on refractionating the washed oil. 

'I’his oil, after freeing from water as completely as possible, is again 
distilled from a round-bottomed flask fitted with a Young 12-buli) pear 
column, at the rale of d c.c. per minute, .and separated into fractions. The 
method of collecting the fractions is varied somewhat according to the 
composition of the washed oil. 

(1) Where not less than oO percent, of the washed oil distils under these 
conditions below 90" G., the fraetions are directly collected as follows :— 

(u) li]i to 90°, tins fraction then ooiitahiiiig only benzene and toluene, 
together with carbon bisiil|)hidi', and paratlins of similar boiling point. 

(Ij) 90°'-I 10", tins fraction eonsistiiig of benzene, toluene, and xylene, 
except for jiaraflins of similar boiling point. 

fc) 110° . 160°, consisting of xylenes, eiimcnes, etc., with paratlins. 

((/) 1()0°--200°, consisting of higher homologiies of benzene, iwith some 
paratlins. 

(c) llcsidiie at 200", coiisisliiig chiefiy ..f tlic polymerised hydrocarbons 
foniicd by the action of snljihurio aciil on the diene.s, etc., in the original oil. 

(i2) II the ainoniit boiling below ilO" i.s less than 50 per cent., as is often 
the cas.e with crude naplitha from coal-tar, some xylene may also distil over 
with benzene and toluene below 90". Wliere the distillate up to 90° does 
not amount to 50 |ier cent, therefore, the first I'lVaction is eoliccted up to 95”, 
and the second fraction friiin 95° to 1-fO", anil the remainder of the fractiona¬ 
tion made as in (1). '[’he fraction up to 95° is then re^ractionatcJ, and the 

distillate up to 90’ collected. ''riie residue at 90°, contains all the xylene 
.and is then allded to the fraction ilo'- l 10", the combined amounts forming 
the fraction 90°-l-tP°. 

13) When tlic jiroportion of xylene aii^ liigher-lioiliug constituents i.s low’, 
h is often not possible to contintie the dMillation up to U0°, owing to 
vapours in the latoK stage all condensing in the fractionafing column. In 
siicli cases, xyleiu is adhed to tilie re.siduc after the fraction up to 90°ihas 
been eollected, and ,Lhe distillivtilin tlien,eoutinucd to HP°. In that case 
the determination of the'fraction.^ 140'^-160° and 160’-200°, and residue 
at 200 is omitted, or, if reijuircd, a larger quantity of the original must 
he taken. The xylene muBt not be added before Yhe fraction “up to 90° is 
collected, as otlierwise xylene woulilY.iomc over with Aluft fraction and would 
eouiii, in the kn.alysis as toluene. 

SometimoR the oil after washing with sulphuric acid, caustic sjda, and 
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then with water, forms a very persistent omulsioi> witli the latter, wliich is 
only* separated with great difficulty. In such caisos, the emulsion may be 
steam distilled, when the polymerised iinsatufa*,ed hydroearhoris j-omain 
behind, the-distillation being coiiliiuied until the volume of condenBod water 
approximately ecjnals half the volume of spirit condensed. The dilferenee 
between the volume of the steam distihate obtained after separatioiTof water 
and volume of oil after acid washing gives an approximate figure of the 
total unsaturated hydrocarbons in-fsenln i.e. the combined amount, of olefines 
and poljuuerisetrhydrocarbon.s. in the sgbseqnent fractionation of the steam 
distilled oil this is stopped at 160”, and the residue at 160° taken as the 
fraction 160°-200°. .Some loss of the lower-boiling constituents, especially of 
beniiene, is, however, diliicnlt to avoid when sttain distillation is carried out. 


DbteIimin^tion of Benzene, i oliibne, and .wlf.ne in the FiiAm-roNs “ur to 

90“ ” “9&”*-140°,” AND IN (loii.MEiicaAi. Benzol and Commkiiciai. Toluol. 

Before these methods can be adopted it is neccssaiy that the samplea 
shall be freed as completely as possible from unsaturateil lij'ilrocarbons and 
phenols. d’his is the case when the fractions have been properly washed 
with sulphuric acid and caustic soda as described, but in the case of 
commercial benzol and toluol this may not bo the case. 

The ordinary method of ascertaining whether such products arc 
suliicicntly free from nnsaturated hydrocarbons consists in shaking 90 c.c. 
of the sample with 10 c.c. of sulphuric acid of 90 per cent strength, and 
judging from the coloration of the acid laj'er whether these have been * 
sufficiently washed, this not being the case if the coloration exceeds a deep 
yellow or light brown colour. This test, although useful as a quick test for 
works cotarol purposes, is far from satisfaetoiy as a reasonably accurate 
method for giving a comparative indication of the amount of uusaturated 
compounds present, and is by* no means certain in its indications—some 
samples which are in reality well w'ashed giving a bad discoloration, whilst 
others, in reality liadly w'ashed, may onl}' give a slight discoloratioit, A 
iiancli more satisfactory test, wliioli is quickly carried out and givei^a relative 
quantitative indication of the jirojiortion of nnsaturated hydrocarbons present, 
is the determination of the .quantity of oxygen the sanqile will absorb from 
an acid solution of potassium permanganate, at .the ordinary temperature. 
This testais carried xut as follows : • 

80 c.c. of water anj 10 c e. of dilute sirtphuric acid (made by adding 1 
part fiy weight of concentrated sulphuric acid to .“i parts bj' weight of water) 
are plafed in a stoppered bottle of about .'100 c.c. capacity, 10 c.c. of the 
commercial spirit to be cxaminejl addetf^ and the whole shaken. The. 
temperature of the liquid should be between 15° and 20° C, 50 c.c. of ^/1*0 
potassium permanganate is then added,eand the whoie'shakon continuously 
for«exactly .1 minutes ; if at the end of the fifst fialf minute'’the permanganate 
solution is markedly decolori.sed, a^further 50 c.c. of h!/^0 permangapuato is 
added, and the .shaking then continued fiS- a fiirtlfer 21 minutes. The excess 
of peryianganate is thini destroyed by the addition of 10 c.c. of a 10 per cent, 
potassium iodide ., ..aiiSn, with vigorous shakirtg. The resulting solution 
containing iodide is'tBen titrated witlf N/10 sodium thiosulphate sol^ion, 
shaking well between each addition, until both layers in the bottle become 
eolourle.s. The mid-point of the titration is sharply indicated by the final 
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disappearance of the violet colour from the Spirit layer, and there is no need 
to add starch as indicator unless the original spirit was coloured. *The 
number of c.c, of thiosulphate solution reipiived for the titration is deducted 
from the volume of permanganate solution taken, the difference^ {flying the 
number of c.c. of decinormal ponnanganato solution reduced by 10 c.c. of the 
sample under the above, conditions, ;iiid thi.'Y figure gives a comparative 
indication of the extent to which the sample contains oxidisable imj)urities. 
If the number of c.c. of pcnuaugan‘<!ij:<^ Ablution reduced by 10 «c. of die 
sample is multiplied by 0 U08 (1 c.c. N/IO KMnO^ - 0*00(58 g*rain ox 3 ^gen) the 
resulting figure gives the viumber of grams of oxygen absorbed from 
permanganate by 100 c.c. of the spirit. 

Well-washed samples show the reduction of from 1 to 10 c.c. of 
permanganate for 10 c.c., or 0*008 to 0*08 gram oxygen absorbed per 100 c.c., 
but others give much higher figures owing to insi^flicient wasifing: 

A comjdetel}" unwashed spirit may also bo tested in a similar manner to 
ascertain approximately the amount of washing it retpiires. Im such cases, 
10 c.c. of the sample is (iihited with pure, well-washed, benzene to 100 c.c., 
and 10 c.c. of the diluted .spirit taken for the test. 

Any insutliciently washed commei'cial benzol or toluol, Lt. any sarnph^ 
giving a higher oxygon absorption than 0*’J gram per 100 c.c. should be 
subjected to further acid-washiiig before testing. For this purjiose a volume 
of 150-250 c.c. of the sample is shaken with 2 per cunt, of 05 per cent, 
sulphuric acid, if the oxygen absorption is about 0*2 gram per,] 00 c.c. an 
additional 1 per cent, of sulphuric acid being used for each additional 0‘1 
gram of oxygen absorjilion. After removal of the acid layer and washing 
with water, acpieous caustic soda, and again with wattu' as previously described, 
the washed spirit is transferred to a round-bottomed flask, fitted with a glass 
tnbo for the introduction of steam and connected to a condenser, and distilled 
without introduclioii of steam until about two-tbirds has disLided over : 
steam is then carefully blowi'i through tlie lujuid until about 50 c.c. of water 
has condensed for each 100 c.c. of tlie sampU'takcii. The ditlercnce between 
the volume of spirit in the distillate and the volume originally taken gives 
the foss duo to acid washing, the percentage of which is calculated and 
allowed' for in determining the percentages of aromatic hydrocarbons in the 
original insiiificiently wasliod sample. 

Analysis of Fractions “up to 90’” anj) “9(F-M0’.” 

< t *1 

The percentage of benzene and toluene in the frj^elion np to 90°, and of 
benzene, toluoi?c, and xylene in the fraction yO’-ldO", may be determined with 
considerable aceuracy by distillit]" t^iese under speeifiej conditions from a 
.sjinpje distillation flask of standard diwciisipns, and a comparison of the 
volume of the fractions obtained between fixed temperature limits with those 
obtained by distilliiijf mixtures of ki?o\j u volumes of the pure hydroearbona 
in the'same apparatus and undefthe same conditions. " 

Tht apparatus, required for the pufjjose consists dfe (1) A standard 
Engler 100 e.c. distillatioil flask, as employed in the petroleum industry, 
having the following dimensioivi; internal diameter of Iwlb, G'U cm. ; lei(gth of 
neck, 15'Ocuis. : internal diarheter of neck, 1'6 cms.; vertical heiglif of side tube 
aboi^ surface of liquid wheu flask is tharged with 100»c.c., 9'0 cms.; angle of 
side tube, 75 0 °. Flasks wdiieli do not vary more tlian 3 per-cent, from any 
of these dimensions may be employed. 
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^2) An efficient water-coolcfl condenser.—Thi5 is preferably a* 10-inch 
Liebig condenser placed vertically, the connection with the flask being made 
by an adaj)ter or by having the side tube of the ISask sufficiently long, and 
bending*it *to fit the upper end of the condenser. The condenser used must 
in any case be of a form which drains quickly and as completely as possible. 

(3) A set of calibrated graduated oylinders (bO^nd 100 c.c.). 

(4) An accurate thermometer, which is fixed in the distillation flask with 

th§ top t)f tht^ bujl) just below ^he. \)ottom of the side tube.* With the 
above dimensions of the flask, the length of stem below’ the cork is then 
about 100 mm. * 

The accuracy of the determinations probably depends more on the 
correct reading of the thermometer than on any other single point. The 
thermometer used sliould preferably have a hulb of moderate si/e, and should 
he graduated in 1° Cl. over range of at least 70 ’ to t30 ' ; the 80“ graduation 
mark shoi^lij be about 110 mm. from the oottom of the bulb, so that wdieii the 
thermometer'’is fixed in the flask in the correct position this point is well 
above the to]) of the cork. 

Calibration of the Thermometer.— - Tito thennomotcr should be 
graduated with an immersion of 100 rum. (this being the extent to which the 
stem is heated by the va])oiirs under the conditions of the test), and then 
no correction is necessjiry for the length of the mercury coluntn not heated 
by the va])our. Previous to use, it should be verified, or the corrections 
asccrtaincfi, for the temperatures 80', 85 ,90 ’, 100°, 105 , and 11G°, with 
100 mm. immersion. In ord(‘r to avoid mistakes in reading the thermo¬ 
meter it is convenient to put a distinctive mark on it at the actual graduation 
found to correspond on that tliermomcter to the corrected temperatures 
80°, 85°, 90°, 100°, 105°, and 1HJ°, Nat. Ths. Lab. standard. 

Correction for Barometer. —J^efore making a test the reading eff the 
barometef in millimetres (corrected to 0” L ) is taken, and the barometer 
correction ascertained from the usual formula—barom. corrn. 0*00012 
(760-p) (273 + t°)y whore p tb? height of the barometer in mm. corrected to 
0° C. and 1 '-° the boiling point. The magnitude of the correction increases 
w'itli increasing boiling ])i)int, but witldn the range of 80° to 120° the follow¬ 
ing table of gorroctions for barometric pressures from 772 to 720 mm. is of 
suflicieiit accuracy •— 


p. 

Con. 

P. 

Corr. 

P. 

dorr. 

r72 

- ()-55 

754. 

+ o-;!o 

736 

•+M0 

770 

- Oil 5 

752 

+ 0)-;!5 

734 

+ 1-15 

768 

- 0-.‘!5 

750 

+ 0-45 

732 

+ 1-25 

766 

~ o-oo 

718' 

4*0-55 

750 

+ 1-35 

704 

- 0-20 

746 

+ 0'65 

728 

+ 1-45 

762 

-o-io 

744 

+ 0-75 

726 

+ 1 50 

760 

o-oo 

742 

f + 0-85 

/“L'l 

+ 1-60 

758 

+ 0-10 

740 

i-0-90 

722* 

+ 1-70* 

756 

•+0-20 

7:^ 

+ I'OO 

42Q 

+ 1-80* 


Af tbermometor which lias been caliliraV^d with the stem completely 
immersed may ne*usi.d for the ti^t, hut iL tliat ease the correction for 

unheated mercurv column must be fnade in addition to the baro^ter 
correction, in accordance wdth the usual formula; stem correetTon = 0-000143 
(T-«°)N, where 'Ji - tho observed boiling point, f the temperature of the 
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air around the uiihoated portion of the stem, and N the length of the 
emergent mercury column, expressed in scale degrees.' 

Before using a thermoinetcr for the test, a' few hlank tests should be made 
with it, u-sing mixtures made up of known amounts of pure ben2ene and 
toluene, and of pure benzene, toluene, and xylene, in order to ascertain that 
the results obtained with the thormonjotcr are substantially correct. It has 
been found in one or two cases that certain thennoiiiuters although quite 
correctly graduated, do not give correct results, as they. have a pronounced 
lag. The cause of this has not been dclinitely ascertained, but a])pears to he 
due to the nature of the glass used ill the inaiiiifactiire of the thermometer. 
It is also advisable to carry put periodically similar blank tests on known 
mixtures with any theriiioincter in use for the analysis, to make sure that the 
readings given have not iindergoiie change since its verification. 

Method of Distillation. —In eanying on Mhe distillation, a measured 
voliimo of the liquid to he tested is distilled from the Kiigler flask st the rate 
of about 7 e.c. per iiiiiiute. A slightly higher rate has no ihatcrial effect 
on the results, hut if thiv rate falls nineh below 7 e.c, apjireeiahly increased 
fraelioual condeiisatioii takes jilaen in the top and nock of the distilling llask, 
and may cause iiieorroct results. The tlask is heated by means of a small 
huriscn llaiiie iiiipiiiging directly on the hottoni of the flask, the distillation 
being carried out at a spot as free from draught as practicable, a cylinder of 
fine wire gauze being also placed to surround the hiiriier and flask up to 
the level of the top of the bulb of the llask. The distillates arc eollected in 
the graduated cylinders, and wlieii the theniioineter reaches the sjiccified 
temperature, the (lame is extinguished, the condenser allowed to drain, and 
the volume of the distillate measured. 


MeASUUEMENT of VoI.UMES A.Nl) DeTEIIMI.XATIO.V of .Sl'EClFlO GRAVn’Y. 

The sijecifie gravities emiiloycd in tlie deteriiiiiiations are, through¬ 
out, those of the liquids at Id'il’C. compared with water at 15-5° C., 
and qll volumes given are those of the h(|uidB at l.'j'.''j°C. To correct the 
observed specific gravity at .any other temperature to that l.T.'i'^ in ilm case 
of .spirits, d'OOOy is added for each ]°0. tlie observed teiiiperatiirc is above 
IS'.h", or deduefed for e.ach 1“(!, bedow that temperature. In the c.ase of tar or 
profliiets consisting eliiefly of high-boiling oils, the factor used is 0'0007. 

Fraetion *■ np io hO' ” aild Commercial Jlenzol .—When mixtures of benzene 
and toluene are distilled from a di^tillatio.i fla,sh under the speeilied conditions, 
the perceiitagi^of distillate at any given toiiiperatiireris constant, and if the 
volume of distillate from 100 c.c. of the mixture to any tpmperi(ture is 
determined for a dchnitc rate and fo* n definite size of fractionating flask, 
"tkenewith an unknown mixture of heiir.eiici and toluene the percentages 
'of benzene and tolue^ie can he found by comparing the volipne of distillate 
obtained under the^ saiiiik coiiditiyn.s witli that found in the ease of mixtures 
containing known amounts of the ti’o constituents." 

The* results obtsiifbd wil^h puke nuxtiirtiB of benzene and'toluene are most 
conveniently plotted out in the form of a graph, temperatures suitable for the 
collection of the distillate being 8.0° corr. for mixtures c'cntaiiiing yp to Sij per 
cent, of lohieiie, and 90" ctirr. for itixtnrcs containing «from 20 to 40 per 

^ Tables for frlic \ iiliie of this conoction are piven in Young’s Fractu-nal ])iddlation 
(Macmillan k (’o.), ]). 13, and a giajili for the puijiose by Wheeler [J A'.C’./., 19JG,,H98). 

^ James, 19]6, 236. ^ 
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cent, of toluene. The percentages of toluene are plotted as ordinates, and 
the percentages of distillate as abscissa;. . In compiling (Irapli 1 the following 
mixtures were employed:— 


Up to 85'^ coiT. Up ti) 90' (Mi-r. 


Bi'iizciic. 

Tiillleuc. 

bcilZClK'. 

1 (ilucilfi. 

c.c. 

c.c. 

C.C. 

c c. 

• 97 

.d 

80 

20 

94 

6 

75 

25 

90 

10 

70* 

:!() 

85 

15 

65 

35 

80 

20 

GO 

10 

75 

25 

55 

45 


In the case of the fractio?! “ up to 90°" or of any n]i.\ture.s of benzene and 
toluene onty^ jiot containing more than 45 per cent, of tlic latter, 100 c,c. (or 
less if the quantity available is insutlicient) is distilled from tlie Ilnglcr flask 
under the same conditions, and the percentage of disiillate to 85' corr. or 90° 
corr. ascertained. From (Iraph I tlie percentage of toluene is read oil' corre¬ 
sponding to the percentage of distillate found, that of benzene being found 
by difl'orence. 

Carbon Bisulphide, and Paraffins. —VVhon these iinpurities are 
absent, the reading obtained from the graph gives directly tlie percentages 
of benzene" and toluene in the sample. The percentages of the above 
impurities, when present, can bo ascertained, together with the necessary 
correction in the amounts of benzene and tohicne, from a determination of 
the specific gravity of the fraction or sample before and after removal of 
carbon bisulphide from it. 

Carbtjn bisulphide. —To carry out this determination, the specific 
gravity of the sample is taken hy any method giving results accurate "to the 
third place of decimals. A further 100 c.c. (or the combined distillate to 85” 
or 90° and the residue from the distillation test) is then mixed with 100 c.c. 
of alcohol or industrial methylated spirit (free from jiaratiins), 5 ^rams 
of roughly powdered caustic soda added, and the whole shaken Jor five 
minutes. 2(70 c.c. of water is then added, with renewed shaking ; after 
settling, the lower aqueous.layer is run oil', and the .spirit washed twice 
with successive quantities of 25 c c. of w'ater anc^ dried with ignited calcium 
chloride.* The sirec'fic gravity of the dried spirit is then taken ^accurately to 
the third decimal place. ' • • 

From tliQ specific gravity of the spirit, before an<l after rci»oval of carbon 
bisulphide, tHb percentage of carbon bisulphide present may be calculated,' 
on the assumption that the specific gfavit^ of carbon bisulphide is 1'27, and 
that no expansion or contraotifin occurs on mixing the latter with benzt%o »r 
mixtures of he.,zeno and toluene, for yien if a is sgegific gravity of spirit' 
after removal, and 6 the specific gravity IiefoYe rcAovaUof CS„, and, x the 
percentage by vo^mno of CSj, 

l-27a' -f (100 - *) (I = 1006, or .r = 100 x Jb - a) -5 (1 '27 - a). 

In facit,’howei , tlA a'^'aiimption that no expansion or contraction occurs 
on mixing carbon bisulphide with benzene or niixtures of benzene and toj^j^ic 

^ See Nickels, Allen's Comm. Org. Analysis, vol. ii., part 2, p. 183 ; Spielnmnii, C.J 

1916, 39b. 
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is incorrect, as aporeciahlc expajjsion does 'occur,^ atid the observed spociBc 
gravity of mixtures of bon^^enc or of beu/cno-l- ioliiciie with carbon bisuij)hide 
in knpwn proportions, isnTways lower than that calculated fi’orn the percent¬ 
age of the components and their s{)eciric gravity by a delinite amount. A*, and 
to obtain the percentage of carbon bisulpliido by volume corrected for this 
expansion, the value, must be ,substituted for b in the above formula, 

which then becomes 

j-=100x 

The value of k varies with diilerent jiroporlions of carbon bisulphide and 
also slightly with diHcrcnces in the proportion of toluene present, but an 
average figure for this value' for porc('nt:iges of carbon bisulphide up to 5 
per cent, may be taken without mat<‘rial (irror as follows:— 


Per cent OS.,. 
1 
o 

;j 

<1 


O'OOIO 

D-ODlb 

0 - 0()20 

()-0024 

0-0027 


(ilraph 2 has been eom])ilod to enable the direct reading oil’of the percent¬ 
age of (IS 2 in the samjile from the specific gravity befon^ and after removal 
of CS.„ the correction for expansion being made in setting out'* the graph. 
The lower line of ordinates givi's tlie ol'served specilii- gravity before (IS 2 
removal, and the abscissie the observed specilic gravity after removal, the 
percentage of being read oTfrom these on the broken hlack lines marked 
0-5 per cent, of 

Paraffins. — In a similar mainuir the percentage of parafiiiis present 
may be calculated from the observed specific gravity of Mie sample after 
removal of CS.,, and the specific gravity ,vvhich a sample containing the 
percentage of toluene found would have if paralfins were absent. As no 
material expansion occurs on mixing benzene and toluene at any rate with 
the amounts of the latter found in the fraction “u]) to 90“,’' or in commercial 
benzol, this last figure may be directly calculated with sutticleiit accuracy 
from the percentage of benzene and tolnene found by the distillation to 85° 
or 90“. 

Expansion docs, however, occur on mixing paratiiijs with b^zene or 
mixtures of benzene and toluene, and correction must be made on this 
account in tlv' case of paraffiiis as well as with and the necessary 
formula becomes.—percentage by volume of jiarallins in CS,,**-freouspirit 

= 100 X {+ /d) ~v) “ c) 


where a is obsorvcd'spfeific ,xjravity*aiiter CS., removal, r the specific gravity 
of par*alhn-frce bchzene-toluonc mjvturc caleiilatod from the distillatioip to 
85“,the specific gwa'.dty of parallins, and^d the eorreetioh‘for expansion. 

The exact specilic gravity of the parallins present is unknown, but it has 
been found by isolation of tU^u’ from those products, that this may be Oaken 
without material error as 0-720 in this fraction up to OQ”, or in commercial 
beTPich The. value of also varies considerably accoisliiig to the percentage 


^ Spo V. D. Brown, J. C/icm. Soc., 1879, 35, 552 ; 1881, 3.9, C05. 
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of paraffins present (the expausifm being much greater on«tho addition of the 
firsts per cent, tiian for any succeeding 1 per cent.), and also sliglitlj with the 
percentage of toluene in the mijituro, hut for pracli*al purposeji the foUowing 
values oj k* may be taken :— 


Paraffin.s pnr cent. 
1 
r> 

10 ' 

l.h 

20 


0-0017 
0-0021 
0 - 002 ,') 
0 - 002 ') 
0-00,in 


From the observed specific gravity of the sam])lc after removal of CS, 


« 

% Toluene 



Guai'II 2.—I’cioeiitage of CSj and I^raflms in Fraction “u]) to 90° ” and in Comm. Benzfll.^ 


and the percentage of toluene fouiu* by Gray® 1 iTncontccled for paraffins, 
the percentage o^ paraffins in the sam])lo*afJer removaj of CS.^ may be read 
directly from Graph 2. The upper line «f ordinates gives*tho “uiicorrected ” 
percentage of toluene found, and the ahscissm the ohset-ved specific gravity of 
the sample*freod . - -m CS., the percentage of paraffins being read off from 
these on the full bhtck,lincs marked 0-2.') per cent, of paraffins. 

The percentage of paraffins thus found is that in tlie sample ifter removal 
of eSjj^and t-o. olftain the true percentage of the paraffins in the original 


Sp Gr after Cpg Removal 
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sample'this figure*'must Oe multiplied by lOO —C, and divided by 100 where 
C is the percentage of CS., found in the sample. ‘ 

. The pereertages of benzene and toluene found by (Iraph J are those 
which would be the case if no carbon bisulphide and paraffin wero present. 
The total number of volumes of benzene + toluene present in 100 volumes is 
lOO-C-l’, where C and 1’ are the peKonlages found of these two impurities. 
In the distillation to 85° or 90° c.arbon bi.sulphide behaves as though it were 
benzene, and.if paraffins arc absent''but'CS 2 present, tU“ result obtaineifby 
(Iraph 1 gives the true peroenlagc of toluene correctly, and the true benzene 
figure is 100-C-T where T is' the percentage of toluene found. 

Whether the paraffins, when present, are of such boiling point that they 
are proportionately divided between the benzene and toluene fractions is 
uncertain and probably variable with diffierent samjjlcs, but the evidence 
appears to show’ that tiny are in fact roughly pK^portional, and that if this 
is assumed no material lUTor results. , ^ 

Making this assumption when CS^ and paraffins are present', ihe [jcrcent- 
ages of benzene and tohipne may bi; calculated as follows ;—'J'lie total volume 
of benzene and tohiene present is 100-C P. Then if IS’ and T‘ are the 
percentages of benzene and tolueiu! found by (Iraph 1 from the percentage 
distilling to 85”, and li and T tlic true percentages of benzene and toluene 
corrected for paraffins and carbon bisulphide present, 

I! = (I00-C-1>) (IP -C)a-(IOO-C), 

T = (100-C-P) T‘-;-(100-G). 

With most products from tar consisting ehielly of benzene, tlic percentage 
of paraffins and CS, jiresent is comparatively sniall, that of earlion bisulphide 
being mostly from 0'5 to 1'5 []or cent., and that of paraffins not exceeding 
.5-() per cent, being in the majority of cases tnuoli less ; in such sijmplcs the 
percentage of benzene and toluene eorreeted for these may be obtained with 
sufficient accuracy by a simpler ealcvdatiuM, natiiely, by multiplying the 
percentages of those found by Crajdi I by 100 minus tlie combined percent¬ 
ages of carbon blsnlpliide and [laraflins found by Craph 2, and dividing by 
100 , in ,wliieli case 

J> = B' X (]00--C-P)<:- 100, and 
T = T' X (lOO-C-P)H-lOQ. 

With only sucli amounts of carbon bisnlphide and pf.raflins prc^icnt, the 
fignses obtained by the shorter nvjthod difl'er duly by fractions of 1 per cent, 
from those fownd by the longer motliofl, i.i:. by an aiiiount whiph is smaller 
than the unavoidable experimental errors. Tlie longer indehod ^s only 
necessary with products such as tile “loro-runnings” collected in large scale 
distillation previous to collecting “commercial*” benzol containing much CSj' 
and with products coftiiining very hi^di pro[)ortion8 of paraffins, such as are 
sometimes obtained frolYi vcAical retoft tars, or from the low ternperatyro 
carbonisation of coal. * 

Commercial Benzol.*— Samples of (fommercial benzol may be analysed 
by the method given for the “ fraction up to 90° ” previously describe^, but 
in certain eases slight modificiltKms are advisable, nam«ly, if (1) tliopercentage 
of-^oliiene present is less than 3-4 per cent., and (2) K the percentage of 
toluene is high. , 

' See Si)iehnanii mid I5iitliT-.Ioncs, 1916, 91!,' 
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Where the percentage of toluent is below 3-4 pbr cent., the method is 
slightly modified by distilling to 85° a mixture of j)5 c.c. of the sample with 
5 0 . 0 . of puje toluene. From (Sraph 1 the perceiftago of totnene in •this 
mixture is read off from the percentage distilling to 85°, and this figure 
minus the 5 c.c, of toluene added, multiplied by 100 and divided by 95, 
gives the percentage of toluene in the original sample, the difl'erenee between 
this figure giving the percentage of benzene in the 8iuni)le, if carbon 
ibisul^ihide ftnd pajaflacs are absent. The'corrections for those are ascertained 
as specified above. . * 

Where the percentage of toluene is high, this* is mostly accompanied by 
small quantities of xylene, and in the test such xylene counts as an equal 
amount of toluene. For many purposes this is immaterial, and the results 
given by the test are correct it the figure given for toluene is recorded as 
“ toluene + xylene.” If it istdesired to ascertain the Separate percentages of 
toluene and,x^lene, 500 c.c. of the sample is distilled witli a Young 12-bulb 
pear column, the fraction “ up to 90“ ” analysed as above, and the residue at 
90°, consisting of benzene, toluene, and xylene, analysed by the method given 
below for the “fraction 90° 140".” With a product such as the commercial 
50/90’s benzol, which always contains considerable amounts of xylene, this 
procedure is always advisable. 

Unwashed Benzol. -In some works it is the practice to fractionate 
the crude naphtha previous to washing with acid, etc., and then to subject 
the unwashed benzol and unwashed toluol separately to the washing process. 

To analyse such a sample of unwashed hcnzol it is washed with 8 per 
cent, of its volume of concentrated sul])huric acid, in the manner previously 
described. The washed spirit is transferred to a round-bottomed flask fitted 
with a tuhe for introducing steam, and distilled with steam as already 
dcseribed. The distillate after removal of water is analysed by the method 
just dcscrified, due allowance being made for the loss on acid washijig in 
calculating the percentages of benzene, toluene, carbon bi.sulphide, and 
paraffins in the original unwashfd sample. 

Fraction 90°-140°6'. ami Commercial Toluol .—The princiiile upon which 
the detcrniuiation of the percentage^ of benzene, toluene, and xylene in such 
samples is carried out is as follows:—When the distillation of mixtitres of 
these hydrocarbons in kivown proportions is carried out in the same apparatus 
and under the same condition?as described for the “fraction up to 90°,” it 
has been found that the percentage of the distillsftes obtained between fixed 
ranges of%empcratu!-c is (juite eonstfjit, and that if a graph Ife drawn _up 
in which the percentages lioiling below a fixed temperature plotted as 
ordinates^ii(Jpthe percentages of residue at a high fixed temperature as 
abscissa!, the points on the graph corr^Iioad to the known percentages of 
benzene and toluene in the mixture •lie ou regular curves. From the resjrltSi 
obtained in a lajge number of distillations of mixtures containing varying' 
but known amounts of pure benzenef toluene,,and j^'lene, and measuring 
(l)fhe percentage boiling up to 105° corr.^and (2) the residue .left at'llfi" 
corr.. Graph 3 hilS Toeen plotted ia the piaiftier mentirtiod, the contffiuous 
line curves giving the percentage of toluene and tlie broken line curves the 
porcenfege gf ben^cn ■•^orresponding to the ^rcentages of distillate up 
to 105° and above iyj°. With a mixture of benzone, toluene, and xylene in 
unknown quantiticf. th^ percentages of distillate up to 105° corr. and abo'vc 
116° corr. are ascertained, and the percentages of benzene and tofuene present 
.may then be dirdctly read off on Graph 3 from the broken line curves and 
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full line curves respectively. The percentage of xylene is found by difference. 
There seems no reason why a siniihu' method should not be cmploj’ed for 
determining three sucoei^sive members of - any homologous series provided 
that they do not form constant boiling mixtures and that their boiling points 
are not too close together. 

Note .—In the method as originally published, the tcmjieratures for the 
interruption of the distillation were taken as 10.5“ and 117°, and for special 
reasons, which were only of a temporary nature, the thermometev gradtoted 
with complete immersion of the stem, and an approximate correction for 
barometer and unheated stem employed. For several reasons it has been 
found bettor to employ a thermometer graduated with 100 mm. immersion 
to avoid the necessity of milking any coi-reetion for unheated stem, which 
makes slight alterations in the form of the grapli, and in order to avoid con¬ 
fusion between the old aud the new gi'aphs th ' latter was drawn up for a 
different temperature interval. 

The method with the specified interruption ])()iiits of 105° and 11(1° only 
holds generally for samples containing 50 75 jier cent, of toluene and for 
such as give at least 5 ]ier cent, of distdlate up to 105’ and 5 ])er cent, above 
IIG". Samples whicli do not fall within these limits can, however, be readily 
analy.sed by the. method byi adding to them such known amounts of pure 
benzene, toluene, or xylene as bring the uii.vture within these limits, aud dis¬ 
tilling the mixture under the standard e.onditions. From the jierceiitagcs of 
benzene, toluene, and xylene found in the mixture, and from the known 
amounts of henzene, toluene, or x\lenc added to it, the percentages of the 
hydroearbons in the original samjiles are rea.dilv ealciihited. 

If in addition to xylene small quantities of ciiiiienes or similar higher 
boiling aromatic hydrocarbons are qiresent, the results obtained by the test 
are,unaffected, except in so far that the difference figure between 100 and the 
percentages of benzene plus toluene then gives the percentage of xylene plus 
higher boiling aromatic hydroearbons instead of that of pure xylene. 

(larbon disulphide, if present in the sample in more than a .smiall amount, 
renders the results less aceunite, hut it is never present in appreeiahle amount 
in the fraction 90"-140° prepared as dei'crihcd, Commercial products, such 
as oO/fiO’s benzol, may contain more of this impurity, but such .samples, as 
already mentioned, should first be distilled into a, fraction up to 90° .and 
residue at 90°, and the two fractions analysed s.paratcly. 

Paraffins, when presen*, affect the results somewhat, but a correction for 
the error thus caused and an estimatiop of the percentage of parafKti present 
call be ascertained from the specific gravity of the sample in the manner 
described later. 

Method of EKstillation.-;-Aspn the ease of the fraction ‘‘lip to 90",” 
“100 e.c. of the fraction 90"-14()“ is distilled from the stand.ard Engler 
•^laslx at the rate of about 7 c.c. ]ier minute. When the thermometer shows a 
temperature of lOfitc^rr. the distillation is stopped, the condenser allowed to 
drain*, and a fresh cylinder'phfcej under the condenser. The distillatiun is 
then «ontimied und£r the sanvs eonditipns until the thermometer shows a 
temperature of 116“ corr.‘, when the distillation is again interrupted. The 
residue, after cooling, is poured into a third cylinder, <uid the contents of the 
three cylinders .are me.asurfid at a tciriperatiirc iipprhxiiiiating to that of the 
1*6,9 c.c. taken for analysis. The total volume of the three fractions up to 105”, 
105°~116°, add above 116°, should not amount to less than 99’5 c.c. 

In the absence of paraffins, the percentages of benzene <ind toltiene are 
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directly road oft' from tlie percenCkgcs below 105" and abo^ 116° by means 
of Gra^h 3. 

If, as the result of the distilhiiion, values fur tliT;4'ractioris i^to 105® and 
above 116^ are obtained which give no value for benzene and toluene on Graph 
3, owing to the composition of the sample being such that it does not fall within 
the limits already speeitied, a further ])Ottion of the i^yunplc is taken less than 
100 o.c. and made up to 100 c.e. witli a known amount of pure benzene, 
^toUnJne, or «ylenc^ 2'^^^ quantities of thc^^e which it is necessary,to add vary 
according to the composition of the ^ample, but with a little practice it 
becomes very easy to estimate the amounts wlifcli should be added. The 
following are examples frequently met with :— 

(1) The percentage of the sample boiling eitficr up to 105" or above 116° 
may bo below 5 per cent. In tins case 90 c.c. of the sample is taken and 
nii.\ed previous tb distillation^with 10 c.c. of benzene,^f the distillate up to 



105', and a mixture of 90 c.c. of the sam])le with 10 c.c. of benzene gave 
10 c.c. to 105" and 21 c.c. above 116", then from Graph 3 the amount of 
benzene in the mixture is 15 [)er cent., and that of toluene 72 per cent. 
As 10 c e. of benzene was added, the 90 c.e. of the original sam])le contains 
15—10— 5 c.c. of benzene and 72 c.e. of toluene, whence, in the original 
sample bonztme - 5 ■ 100 : 90 5-5 per cent.; toluene^ 72 x 10090 = 80‘0 
per cent.; xylene = 100 — 5*5-- 80 = 14'5 ])er cent. 

(2) Tile percentage boiling boih below 105 ' and above 116" may be below 
5 per cent In this case 80 c.c. of the sample may be mixed with 10 c.c. of 
benzene and 10 c.c. of xylene, or if the percentage of toluene is very liigh, 
75 c.c. of the sample is mixed with 15 c.c. of benzene and 10 c.c. of xylene. 
The percentage of hen/eno found in tlie mixture, less the quantity of bemtene 
added, am.k Uiat of toluene found (without deduelion) multiplied h^ the 
number of c.c. of original spirit taken and divided by 100, then gives the 
percentages of benzene and tolueifb in the original, that of xylene being found 
by dift’erence. 

(3) The percentage boiling above*! 10" may be so high that no rcading*can 

be obtained oi^ the graph. With this class, tSO c.c. is mixed with of 

benzene and the mixturg analysed* the percentages of benzene, toluene, and 
xylene in the original samplo4)uing calculated in a similar manner. 

(4) The percentage boiling below 105" may ba so high that no reading 
can he obtained ou*the graph. ^ In s-uch cases, which include saniples with 
rather high percentages^f benzene, and in mafty cases the fraction “ 90°~140 ” 
obtained as j^ccihed above, 80 e.c. of the samjde is mixed with 20 c.c. of 
toluene. ^^VTiere the percentage of benz^ie ij very high, Ae mixture of 80 c.c. 
with 20 c.c. of toluene may still contain below 50 per cent, of toluene. This^ 
rarely occurs with the fraction 90"-140° obtained as specified, but may happen*- 
with products sitch as 50/90’s commciiciftl benzols. fuch cases a smaller 
voliPme of the original and a larger amoun^ of toluene may*be taken, biTt the 
smaller the propoatifm of the origiij^Ll taken •the grcatei the unavoidable 
experimental error in the results. Where result?are desired as accurate as 
possihlt, and the quantity of the sample avaihii’lc permits of it, it is then 
better to distil 250 ot tlm sample with a coliimji into the fractions “ up to 
90” and “above 90.” aacl to analyse these separately, the first by the metlfi)d 
given above foi'the fractiim “up to 90",” and the second by’tliat for the 

^fraction90“-140«” 
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Paraffins in Fraetiijn 90°-140*.—Tfce results obtained in the manner 
described give the percentage of benzene, toluene, and xylene, on the assump¬ 
tion that no pariiHins arg present. When t^ese are present, they count in the 
test as aromatic hydrocarbons, and thus bring about an error in the results. 
From blank tests made with mixtures of the three aromatic hydrocarbons 
with paraffins, it has been found that when the percentage of paraffins docs not 
exceed 5-7 per cent, no material error is caused by assuming that the result 
for each of the three aromatic hydrocarbons is affected in proportion tc the 
total percentage of paraffins present, and that the true percentages of benzene,' 
toluene, and xylene may be obtained by multiplying the “uncorrected” per¬ 
centages found a.s above by 100 minus the percentage of paraffins present and 
dividing by 100. i 

The percentage of paraffins present may be found with a fair degree 
of accuracy, from the specific gravity of the sample, in a m,inner similar to 
that employed in the case of the betizene fraction. The specific gravity of a 
mixture of benzene, toluene, and xylene of the “ uncorrected "percentages 
found can be calculated from the specific gravity of pure benzene, toluene, 
and xylene. 

If there were no exjKinsion or contraction occurring wlien benzene, toluene, 
and xylene are mixed, and also no expansion or contr.action on tlie addition 
of parafiin.s to this mixture, then if a is the caleulated specific gravity of 
parallin-free mixture, h thi! observed specific gravity of the sample, and 
r, the specific gravity of paraffins present, tlie percentage of paraffins 
present would be 

100x(f;-a)-y(c-a). 

But, in fact, exjiansion occurs both when benzene, toluene, and xylene 
are mixed and also on addition of paraffins to these mixtures. If is the 
fall" in specific gravity due to expansion on ndxing benzene, toluene, and 
xylene, and P tiie fiirtlicr fall oil addition of paraffins to this mixture, then 


T’.arallins per cent. - 100 x 


[c-la + lfi)] 


The valpe of P varie.s somowliat, but within the range of the i)r6portions of 
benzene, toluene, and xydene usually presont in the fraction 00 -140° or in 
commercial toluol, it may be taken as having a constant value of 0 0010. 
The v.aliie of P-fP for\thc combined fall in specific gravity on mixing 
benzene, toluene, xylene, and paraffins lias been found fcxpcrimcnkally as an 
average v.alue as follows ■— ' 


Piiiaffiiis j'ci' cciU 

o 

5 

10 ^ ' 

1.5 

20 *• 


p I p,; 

0-0012 

0-0014 

0-0019 

0-0022 

0-0025 

o-oe.io 


Tbo average value of tl^o specific gravity of the par.affins prerent in 
this fraction may also Vr.ijy, but lia^i been found by isolating‘them to be 
usually about 0-74, wbicb is taken as the value of c. „ 

The specific gravity of benzene, free from paraffin hydrocarbons, is 0-886. 
With regard to the sfiecific gravity of pure toluene authorities difift.r. The 






AlT^LYeJS OF CBCDB BENZOL. 


96 


figure is usually given as 0-870, .wliicli is rarely jexceeiled in samples of 
oommcrcial “pure toluene” obtained from coal-tar. W. "H. Perkin, senior, 
however* showed that when such toluene is converted into ^le sulphonic 
acid and^tltfe latter purified and reconverted into toluene, tlie hydrocarbon 
thus obtained, absolutely free from paraflins, has the specific gravity of 
0-8721, and a repetition of hi.s work has confirmed this figure. The specific 
gravity of toluene, free from paraflins, i's therefore taken as 0-872. 

In the Biso of xylene, the specific gra-wity is in any case uncertain, as this is 
•a mixture of o-, ffi-,"nd p-xylene, each ofjwhich has different boiling point 
and different specific gravity. I’crkiii found the specific gravity of those 
three xylenes, when iiure, to be-—o-xyleno 0-8818, ni-xyleue 0-8691, and 



• • 

fJiiAVn 4. —C.'ilcula4‘il (^iMvit) of raiiiliiii (Vue .\1 ivtuivs of Im'Iizchp, 

• ToliU'iif, iiiii] X_yl('iif. 


p-xylene 0-8GG1 ; as the mixtures of xylSnesTrom coal tar, etc., usually consist 
to the largest extent of m-xyleith, w-ith a smaller amount of p-xylene, and-'stilt 
smaller amount* of o-xylene, the aver»ge specific orj,vity of the xylene 
> mixture entirely free from paraflins may be takerrtis 0-fm8. tlommercial i'pure 
xylene” laroly h.-jji a higher specific gravfby^than 0-865-0-866, and lijje the 
commercial “pin-e toluene” still cofltains small amounts of paraffins. 

Having obtained tl^e “ uncorrected ” percentage of benzene, toluene, and 
xylene in the sampf ' .etlie manner already d^cribed, and also the specific 
gravity of the samplf, the percentage of paraffins fs determined as follows g— 
from (Jraph 4 the calculated .sjiccific gravity of the mixture is jfiad off from 
' /. chrm. Soc., 18SIG, 1101. 
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the percentages benzffiie and toluene roUnd (the specific gravity of the 
pure bydrocarbons l)eing taken as ()'872, and 0'868 respectively)', and 

the p^rcentage^of para(liics’‘is then read off from the observed and calculated 
specific gravities by means of Clraph 5, which is drawn up from the formula 
given, allowing for the e\])ansious which occur. The “corrected amounts of 
benzene, tolucuie, and xylene are tiien obtained by niultiidyiug the “un¬ 
corrected” figures by 100 minus the percentage of paraffins, and dividing 
by 100. 

For many ])urposcs it is froiiinmtLy desired to ascertain the percentage 
present, not of tlie true parafiiu-frce toluene or xylene, but that of the per- 



GjiAru 4a. —Calculated Spemlh; Gravity of T.iralliii-fret^ Mixtures of Benzene, 
^ Tuluoiie, and Xylene. , 


4 ^ 

pntages of ordinary “commercially piir(;. toluene ” of specific gravity 0’870 
-and of “commercially pure xylene” of specific gravity 0'865. To enable 
these percentages tt> ascertained iesjdily, Graph 4a has bSen drawn up in 
exactly the same ■manner as 4, t)u[ taking the specific gravity of toluei^j as 
O'SYOnndof xylepo.as OaSOri, and the readings obtained tom these Graphs, 
4a and 5, give directly the'pcrcenlages of commercially pure toluene of specific 
gravity 0'870 and commer^al xylene of specific gravity 0'8G5. T^ie per¬ 
centage of jiarathns, of cou.sc, then cqnies out slightfy less, as a Small amount 
ofthese is included in the “commercially” pure toluene and xylene. 

A.S previAusly stated, wlien the percentage of paraffins exceeds about 7 
per cent., the “ uncorreoted ” figures obtained for benzene, AoVueue, atfd xylene 
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are not necessarily in proportion tu the true porceiitagcs^ireseut, and the 
“borrdetod ” figures obtained in tlie manner speciliod may be in error to the 
extent of 2-.’! per cent. With •most coal-tar products, the pai'centaj'e of 
paraffins rarely exceeds 5 per cent., but in certain saniplc.s* such as the 
products from coal-tar obtained in vertical retorts, the percentage may rise 
to 20 per cent,, and is often still higher .with products obtained by very low 
temperature carbonisation. 

^ Mank tuets wiyi Ijnowu rnixture.s of tlfe aromatic liydrocarbons containing 
up to 10-25 jier cent, of paraffins have.siioivn that this error may be greatly 
redueed, if in the distillation of the fraction “ 90”-lf0‘” such (piantities of 
benzene, toluene or xylene are added to it that the iiii,\ture contains between 
52 and .58 per cent, of toluene nncorrcctcd for*paralfins, and on distillation 
gives not le.ss than 20 per cent, respectively of distillate up to 105“ and 
residue “ above Il()°.” h'or j^ercentages of paraffins ah()ve 2.5 per cent., whilst 
the niethoi^ jj'ives fairly accurate figures for the percentage of paraliins, no 
method has be»n found whereby it is possible to get accurate deterininations 
of the percentages of benzene, tohieiie, and xylene jiresent. 

Uwmslted Toluol .—In some cases in wiii'ks practice the toluol fraction 
is separated by distillation from the crude naphtha prcvioii.s to acid washing. 
For the analysis of such samples, 150 250 c.c. of the spirit is w'ashed with 
acid and steam distilled in the iiiaiincr described for unwashed benzol 
previously described, if the percentage of xylene is not reijiiired, instead of 
steani-distillyig the residual oil after treatiiient with siilphnric acid, etc., this 
may be distilled without steam, using a good eoluiiiii, and collecting the 
distillate to 1 10' (adding a little xylene if tlie tlieriiiomeU!!' d«is not reach 
MO") and making up the distillate with pure xylene to the volume of 
unwashed toluol originally taken. 

Friictiiiu 140'-160”, and Counnercial Solvent Fapktha. — The fi'ac(ioii 
140°-100°,•obtained from the preliminary distillation of coal tar, etc., in the 
luaniicr described, consists of tlic constituents present in eonnnercial cdal-tar 
■solvent naphtlia, nanieli’, xylenesf cumenes, and other aromatic liydrocarbons 
of boiling points up to about 170° (1. If to the percentage of this fraction 
found there is added tiic pcrccntagc»of xylene (calculated on the original«tar) 
found in tiui fraction y0”-14()“, tlie coiiibmod figures give an appysiimatc 
estimation of tTie ijuantity of couiimcrcia] solvent naphtha coiitained in the tar. 

Owing to the large imnib(5i* of hydrocarbons present, and the fact that the 
boiliiig ]>oints of the constitiients are in many case# so near together, it is not 
possible \9y any distfliation method to make any determination oi« the relative 
amounts of the individi^il eoustitiients. Tlie* composition of the commercial 
products <ari» s considorahly, but when prepared from crude tflr fairly free 
fruio paraltin liydroearbons, its specific ^ravi^y is usually 5rom 0'8()5 to 0‘86G. 
Each O'OOl that the specific gravit;^of a sample of xylene or solvent naphtha 
as found below 0‘8()8 indicates the pi-esence of approximately 1 per cerffc. of^ 
pnraffnis. The Tiommercial product a}s(f often oontai^s«a higher percentage 
•of unsaturatcd hydrocarbons tl)an is thc^ citfec ^vitli comiipcrcial benzoi and 
toluol, since for m^iy purposes foj which splvent napliiha is employed tlie 
complete removal of these is iiniiocessary, and therefore ttie acid washing to 
which it is subjeeted ii'^practice is less severe. ^ 

Jienzene %nd in Cornmerciqje iSohmit ^aphtha. —The commercial 

product mostly contains varying amounts of toluene, and in additi-on 
sometimes ooniains small quantities of benzene. To de^rniine with 
accuracy tho amoiiut of these hydrocarbons present, 250 c.c. of the sample is 



98 


6oKE-OVEN and BY-PfrODUCT WY)BKS CHEMlSTllY 




Graph 5.— Percentage of Paraffins in Fraction 
fiO''-14f)°Anrl h» nnmm. TMliinl 
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distilled with a good column at t'hwrato of about 4c.c. minute, and the 
distilRite to 142° collected. This first distillate is then again fractionated in 
the same apparatus, the distillate being now collccT;ed to i;!8°^';id its vcjlunio 
measured. This second distillate is essentially identical with a commercial 
toluol, rather high in xylene and low in benzene content, and is analysed by 
the method given above, the quantity of benzene and toluene found being 
calculated to percentages of the original .solvent naphtha. 

A. quicker meyio^j, giving results sufftjiently accurate for many purposes, 

.3 to distil 100 c.c. of tbe sample wither column, the distillate to 138° being 
collected in a 100 c.c. cylinder. To this is adde(f20 c.c. of benzene, and tbe 
contents of the cylinder then made up with toluene to 100 c.c. This mixture 
is then distilled, and the fractious “up to lOo”*’ and above 116° determined, 
and the percentages of benzene and toluene in the mixture read off on Graph 
3. The percentage of benzaie found in the mixture^ less the 20 c.c. added, 
and the pjrfentage of toluene found, less the amount added to make up 
100 c.e., give directly the percentages of benzene and toluene in the original 
solvent naphtha. 

Fraction 16()°-200°.—The amount of this fraction, obtained from the 
original preliminary distillation of the tar or oil, gives an approxiniate figure 
of the amount of “ heavy solvent naphtha ” contained in the tar. Commercial 
heavy solvent naj)htha, like the light solvent naphtha, consists chiefly of 
aromatic hydrocarbons, but iu the heavy naphtha the boiling point of these 
lies mainly fjom 160“ to ‘200°. Any paraffins of situdar boiling point present 
in the original tar are also contained in this fraction. As with solvent 
naphtha, the number of constituents is so large and their boiling points so 
close together, that their estimation by any distillation method is imprac¬ 
ticable. The specific gravity of the fraction from dillbrent tars also varies so 
much that even an approximate estimation of the percentage of paraffins 
present is hardly practicable by this means. 

l)KaiiEK o* Accuracy of Metiiod. 

During the past four years somahundreds of blank tests have been rfladc 
of mixtures made up with known amounts of pure benzene, toluencf xylene, 
carbon bisulphide, and paraffins in'order to determine the degree of accuracy 
which may be expected in tlnfanalysis, esjiecially of the fractions “ up to 90° ” 
and “90'-140° ” corresponding to commercial bemtol and commercial toluol. 

In th# case of tlfe fraction “ jip to 90° ” when this consists of •benzene and 
toluene only, the figures obtained show that wdion using an aecurafely 
calibrated thermometer and adhering to the conditions specified, tbe results 
given by the analysis differ only from ^le quantities atfuually taken by less 
than 0'5 per cent., and even wh^n pa/affins are present, unless their perceiyiag^ • 
is high, the results rarely differ from the true figures by more than that* 
amount. The jTerceutage of carbon bisiilphide^ usiuili;^ comes out correct 
within OT per cent. » ' * ' . 

With the fra*tit>n 90°-140°, an^ in properly washed commercial “toluol, 
in the absence of paraffins, the results obtained "for all throe constituents, 
benzene, toluene, and xylene, are almost always within 0'5 per cent, of the 
true figures.* A sei,^.-Tif 140 testa o£ mixtures fif known amounts of pure 
benzene, toluene, and aylene, in which the relative amounts weije varied as 
much as possible, showed that of the 420 separate determination! of the three 
constituents, none.differed from the correct figure by 1 per cent., and in only 
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BIX cases was the error nrtorc than 0*5 pcr'*chnt. Tlie average (jiiantitiea of 
l)enzenc, toluene, and xylene in the 140 mixtures taken were as folloifrs;— 
Benzene 21-A,per cent., "toluene (!1*7 jier cent., xylene 1(1*9 percent,, 
and the average ipiautities found were identical, the errors, in the 
individual tests balancing each other. 

With (juantities of paraffins not much exceeding 5 per cent., the 
experimental error is slightly greater, but rarely exceeds 1 per cent. With 
higher percentages of paraffins the po.ssible error iiicrcjiscs, hut if 'the ^ 
precaution is taken previously mentioijed with regard to the conipo.sition of 
the actual mixture distilled to determine the percentages boiling below 105° 
and above 116°, the error rarely nnich exceeds 1 J)er cent, up to 25 per cent, 
of piiraffins, though in the 'absence of this precaution the error in the 
percentage of toluene present may rise to 3 per cent. Above 25 per cent, of 
paraffins the magnitude.of the possible error inew uses considerably 

The length of time required for the preliminary distillation pl^ the tar or 
oil varies considerably according to the quantity of the latter which has to 
be taken to give a sufficient (juaiitity of the light fraction for the further 
analysis, and also, as is well known, especially aecordiiig to the amount of 
water and solid matter (“ free carbon ”) in the tar. The further eoiiipleto 
an.alysis of the unwashed fraction to 200° takes from 3.' to 1 hours, but if 
the analysis of two or more .samples is carried on simultarieously, the average 
time required is considerably less 

In the subjoined schedule, the detailed results are given rctuilling from 
the analysis of a “crude benzol ” from gas made iii vertical relorts, contain¬ 
ing oarbon hisulphidc and a somewhat large pereciitage of paraffins, which 
oxenqililics the carrying out of the nuithod and the iiecesstiry* ealcnlatioiis :— 


Anai.ysis ok (!ri!I)1? Hknzoi, kuom VicitTio.M. Rk'iohts. 

Volume taken for analysis, 500 c.c., speciile gravity at 15*5° (i, =0*854 ; - 


Distillate to 200° . . * . , , , 162 e.e. 

Residue at 200° (dill.) . . ' . . 38 „ 


Umi'asJied frattinn to 200“. 

Vol. after allyali washing . . . . . 

Loss . . . b. '• 

Vol. after acid washing . . " . ^ 

Loss . , - 

f 

, ' PVai'tiowdioii of n'(]dnid dtMdlote. 


Up to 90° . . 160 c.c. 

90°-140".117 „ 

140°-160°, ... 37 „ 

160°.‘'-200°. . . . 30 „ 

Residue at 200° by diffi . 46 ,, 


4 

. 420 „ 
. 38 „ 


.Specific gravity, 
. 0*856 . 

. 0*840 
. 0*824 
.* 0*840 
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IFa.s^ed dutillate “ up to 9(f 



100 c.c. pvve 8.S'3 c.c up to 85°. 



From (!raph 1. Benzene = 

90-0% 

line., 


Toluene = 

10-0% 



Specific gravity before CS,. 

removal, 0'85G 


„ „ after 


0-854 


From Graph 2. GS., = 0'5/ 

I’arafiitLS 17'2%. 


% Ooiuie of fraclion. 


Comp, of 160 c.c. 

f;s, . . 

0-5 


. 0-8 c.c. 

harallins . 

17-2 


. 27-5 „ 

Ilenzene 

TIT 


. 118-6 „ 

Toluene 

8-2 


. 1.3-1 „ 


Il'ff.s'Arv^ distillate, 90“-140''. 


81 

■,e. + 19 e.e. Toluene + 0 c.c 

Ij^enzene. 




Troiii Crapli 3. 

Up to lOh" 

. 39-87 , 

Ben/ene = 29-3 per cent. 

1 or)’..-110" 


Toluene = 7)3 •() ,, ,, 

Above 1 1 (U 

■ ■ • 

Xylene =17T „ „ 


Ill H] <1 c of 


In 100 c.c. of 


w.il. 90''-O-IO“, 


w.d. H0"-140“. 

JlenzeiK', une 

. 29 3 . 


. 30-2 

Tolneni', unc. 

. 31-(; . 


. 42-7 

Xylene, nne. 

. 17T 


. 21-1 

Speedie, gravit) 

of fraction 


0-84a 

(Jivle. spe(a'fi(5 gravity of pai'allin-free sampio from 

Jrajih 1 0-876 

Therefore, from (^rapli 5 ])a?allins24’7 percent. 

• 



% Coiii|). of 


Omiip. of H7 c.c. 


^ fraction. 


of fiactioi].. 

Pjfl’allins . 

. 2T7 . 


36-3^g.c. 

Benzene 

.. 27-2 . 


■ -10-1 „ 

Toluene’ 

32-2 



Xylene 

. 10-9 


. 23-3 „ 


In or(](;r to check, as fjir :is*[)os«il»lo, tlic^iccuraey uf the results, a nurture 
was made u|) of the nTimber of e.e. found of petrol (free rfrom aromatic 
hydroca.4=“T'..;) boilinj^ from 80“ to 110 , ])ure ben/.ene^pure toluene, solvent 
naphtha free from toluene, and licavf naphtha To the naphthas, however, 
were previously added paralliifs oflsimilar boiling point to make their e^eci^c 
gravity approximately O’S.'l and 0'8 t This mixture then analysed in tlfe 
pr^cscribed manner, the following results bcipg fjbtainSd 



Silken t,. * 

Found fo 

OS, . 

. 0-2 

. 0-2 

Paisiffin& ! ■ I 

, 17-1 

16-5 

Benzene . • 

. 4?-2 

, 43-3 

Toluene . *. 

. 16-2 

J6-5 

Solvent naphtha 

. 16-2 

. 14-1 

Heavy uajihtha. 

.8-0 

. 9-4 
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I 

AnotAkr Method. 


The following method of aiial^jais of crude benzol is suggested by Spielmann 
knd Petrij^ toreplaoetboobsolote retort test, which from a scientific point of view 
is totally inadecjuate to meet the re(pTirements of modern Benzol Work practice. 

Another mode of examining crude benzols, yielding appreciably accurate 
results,'is to distil at least a litre over a Young 12-pear head, and to note the 
riseef temperature for every 5 or 10 per dent, passing over. In Graph 6 three 



^iiArn 6. 


such curves are shown, quite ordiiiary»and characteriitic of the operation, 
wWch indicate from their shape that there is ffconsiJcrahJe quantity of ben¬ 
zene and some iokiene present; but how pimeh is nqt obvious—if is Aiot 
immediately clear how the curve is to bo interpreted quantitatively. 

Benzene EstimatiQti.—\t has been found that when such curves are 
plotted in'the shewn on mm. papcr*(Graph C) the horizontal dis¬ 

tances between thc*5 per cent, mark and '^lie ponit where the curve cuts tho 
92'5° C. line gives a close measure of the percentage of benzenespresent. 

' 4tli June Iftf, 
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Eorample .— 


No^ 

. .. t 

’ From Curve. < 

liy Analysis. 


Per (Jciit 

Pei- Cent. 

4. 

50 

52 

5. 

6? 

G6 


40 

.•58 

7.' 

4(i 

• <f) 

S. 

'()0 ■ 

58 

9 

' 10 

,46 


Toluene Esfimnfion.- -V\\v\,\\cx, il has boon found that tiie quantity of 
toluene is pro}X)rtional to the number of min. of maximum deviation of tlie 





Gi;a|-h 7. , 


experimentaf curve from tlie suK)f>thed curves sliouii dotted on .the g raph 
This rolationsliij* is r^-ad off by means of (b’aph 7. 

Exa7U})lH — 





Tfiliiciie. • 

^ No. 

fle^iitioii join. 


- 


1 

Ki’oin (birvfi. 

My Aiialy., 

_» . 

*4. 

' ' .vs ' 1 

' 14 6' 

H'9 

5. 

4-5 

14-0 

14-0 

6 

1-0' I 

, 1,5 0 

1 (!•() 

'' 

8-f) 

],^ 1) 

19 0 

8. ‘, j 

5 5 

16 0 

. l.'i'O 

!». 1 

1,'iO 

22 0 

■ 22 0 
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COMMEfeCIAL BENZ0LS... 

New Dihtillation Test for IteNzoi,, to meet Covkrkment Rbquiiibmbnts. 

• # • 

The object is to test was]ic(] benzol in siicli a manner as to ensure that it 
does not contain more than a stipulated proportion of toluene. 

The specification is modelled on thSt of the well-known “retort” test. 

.A distillation llask is used, having a^sidc tube in the neck. The bulb of 
the flask ^is of SulTlcicnt capacity (about 1 hO 180 c.c.) convemently to distil 
100 c.c. The neck should bo about 4* h iiiches long, and the side tube should 
bo at about the middle of the neck. 

Before making the tost, the condenser tube and the flask should bo washed 
out with a little of tlie sample that is to he tested, and allowed to drain 
thoroughly. A nicasurin^eylmdor, gvaduMled iu cuhie contimetros, is filled ^ 
up to tlie 100 c.c. mark, and tlu! li(piid poured from*this into tlic flask. The 
flask is cflnlK^ctcd hy a cork to an cflicieiit (amdeiiser, the graduated cylinder 
already used being employed, without drying, for collection of the distillate. 

Tlie sample must be at the tem[)(U-aturo of tlie Wlior;il.ory when the above 
100 c.c. are measured out. 

The rate of distillatinii should lie L’ drtips ])er second irom the delivery 
end of tlie condenser. 

^riu' position of the Lherinometer sliould be siu'li that the top of the bulb 
is h inch below the side tube of the flask. 

Tlie tltbrmoinetor must be accuralo, or its error must be known and 
allowed for. 

Allowance must bo made for the barometric' reading, the temperature^ 
being taken 0 1' higlier than that recpiired for each Od inch by which the 
harometer rc^ading exceeds flO inclies ; and the distillation stopped 0‘1 below 
the ri'cpiyed ti.unperaf.ure for every O'l inch below flO inches 

Tlie apparatus must be sheltered from draughts during tlic distilliiXion. 

The source of lieat should ^^e the naked llanie of a spirit lamp or bunsen 
bnriH'r (tiie rose must not be used). The iliiine should he protected by a 
small cylinder of wire gau/.e of about 2 iiurhcs diameter. ^ 

The ftanie is evtingnisbed when the thermometer indicates the required 
tcMupcTatiire,* allowing for the above corrections. The apparatus is?i11owcd to 
cool : the (juautity of distillate is noted, and the rc'siduc remaining in the flask 
is then drained into the litjuid in the recc'ivmg measure, any shortage from 
100 (Utt due to ‘iloss on distillation ” lieuig aclTled to the already observed 
volume of distillate. 

THE ANALYSIS .OF C0MMERCIAI1 BENZOLS.' 

• • 

Method of Si'iedmann and 'Wijeei.ku. 

• D('f€i'tn'iwiUon of Toluene .—It has ixicn^ionnu iriuit if 100 c«c. of a 
mixture of ben^srje and toluene be distiffedjrom an Englcr flask at thcrift-e of 
7 c.e. a minute, with proper preeiTutioiis with rej^ird to d^'aughts and efficient 
condensation of the ilistillate, the volnine in e.o. passing over up to 90 C. 
indicates the cpia ...if of toluene present in^tlie mixture when reference is 
iliadc to a previoii^ly^eonstructed curve. Tt has been foiuid, further, that the 
presonoo of paraflm and carbon bisulphide in the (piantities iioisftally occurring 

^ Ajiiil lltin. 
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in commercial bevzols does not upset this relationship to any material 
degree. 

Tl)e method is not to he' trusted above 20'per cent, of tohiene, because the 
errors which ordinarily balance one another in any chemical manipulation 
may, if acting all in one direction, cause an error of 2 per cent or more. Thus, 
the increasing inaccuracy with iucruasing quantities of toluene carries the 
method into the region of others for the estimation of toluene, such as that of 
Colman,* and, of Northall-Laurie,^ Mhich, from this point fuiwards, shofc a , 
greater acc\iracy the higher the percentages of toluene present. 

Experience has .shown that the estimation of the toluene by the distillation 
method just described may vary in the hands of difl'erent workers with slightly 
differing apparatus, to the cxtc'iit of 2 percent. Although such a discrepancy 
is in itself undesirable and can be rectified, it does not have any aiiprcciablc 
effect in the subsequent estimation of paraffin. i 

Delerminution of Carbon Bisulphide. —Caiboii bisulphide in easily and 
completely removed by alcoholie potash in the known manner"; but instead 
of the potassium xanthate being estimated, the benzol is washed several 
times with water, in order to remove the .xanthate and alcohol, and dried ; 
its specific gravity is then determined. The diil'ereuco between the original 
specific gravity of the sample and the specific gravity just obtained is 
proportional to the quantity of carbon bisulphide present, and this can be 
found by reference to a jireviously conslriicteil curve. 

This method has been suggested liy Nickels® and by Ellcrton.*, The slope 
of the curve in Graph 8 is given by the constant 0'00281G, a slightly different 
figure from the 0'0()340 found by i'lllcrton. 

Determination of Paraffin. —After the removal of carbon bisulphide 
the liquid consists substantially of a mixture of benzene, toluene, and paraffin. 
The quantity of toluene has already been determined, and the sjiccific gravity 
of a mixture of benzene .and the ascertained quantity of toluene can* be found 
from a previously eoiistructed curve, so that the difference between the spocilic 
gravity of the benzene-toluene mixture and tfnat of the sanqile after removal 
of carbon bisnljihide is jiroportional to the quantity of paraffin present, the 
actual value of which can be found from an experimental curve, , 

Origiitally there w as some doubt as to the proper siiecilic graj ity to ascribe 
to the paraffin occurring in benzols. This lAust certainly vary with tire vary¬ 
ing quality of coal distilled, as well as with the e^iaracter of the retorts and 
the temperature of the deatructivc distillation. Eroin actual analysis and 
from theoretiod considerations, this lias t,)oen tjikeii to be O'fffO. As a matter 
of ftfet" it has, been found by e.x'poriment that the gu'.vity may vary 0 025 
without serimisly upsetting the results obtained. . 

Determination of'Benzene. —This constituent is estimated by diff erence, 
ffhe xprk has been based on the spocilic gravity of benzene being 0’8848 at 
]w-5° C,, a ligure which has been obtained from synthetical benzeno, boiling 
constantly at 80'2‘' G.* • , " * 

.The graph.s, hoAcver, have been drawn for a specille gravity of 0'8850‘at 
I5’5°C.' To a certain extent the unimpo(tant impurities* jR'esent in benzols 
will tend to balance one anbther with respect to their speeific gravities, but 
with an upward tendency. < ‘ 

The most important of .these impirritie.s is thiopbcnc„but this is seldom 

^ Ilige 83. 2 Page 114. , 

* Allen’.s (^oinwercirtl Orifimie A/inlysis. IDCO. vol. ii., pt. 2, p 183. 

* /.,9.6'.T., IS12, p. 11. ' • ' 
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present to an amount of more thafl 0’5 per cent. (Ltinge),ftnd averages about 
0'26 per cent.* • 

The latticr quantity would cause an error of 0’3 per cent. jnTihe quantity 


asHi 


31 a a a 

0U[aatl4 ui GJJUOJ'^yic^ 
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of "paraffin found, l)iU. this is wiiliin tlio iiniita of accuracy of the method 
it can he neglected. 

’iBchvvalbfi, A, Favh-ix- u TcxtU-lnd.^ 1905, 11, 118, 
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From tho analysis a! a number of kftown mixtures and of comnjercial 
benzols the following cap be quoted, the results being given in per cent. 
Tol./vol.:—*■ , '■ f 


Known Mixture.^. 




%• 

Tohiciic'%. 

I’iiraHlii %. 

Carbon Bisulpljirlc 

- ' y. 


Taken. 


Toikc'ii. TduimI. 

Tiikfin. Fttuiifl 

Taken. 

Found. 

A. 

87-0 

87’0 

lO'O 9-2 

2-0 2-3 

10 

1-0 

H. 

81-0 

81-.9 

lao ( 1-8 

■10 T3 

2-0 

20 


t 

Vommercial Hrinoh. 



fnuiiiftti 

•n Tc.st 

‘ 8i«.(.i 

1C Gravity. 

Pani- 

liin 

Carbon 

]fhi(i 

liisiif. 

0 % 



Tolu- 

Ongiiifil 

Ai'Irr Rf- 


i 

Ky Titra 


c.i-. 

one 

llMAlllgt 8,,. 


I>) Curve, 

tin 11 

1. 

98-9 

1 5 

0'887.o 

0 8838 

i)-2S) 

, 1 or) 

0-78 

2. 

91-2 

n -1 

0 88!I2 

0-8810 


j l-4r, 

1-31 

o 

97-9 

'M) 

0 88GG 

0 8839 


i 0 75“ 

0-71 

1. 

98-G 

•2 0 

0 889 1 

0-88.-,7 


I 1-00 

0 93 

.9. 

91'4 

7*7 

0 8872 

0 8810 

I;} 

1 1 7.0 

1-70 


■It will bo scon that an average accuracy can be e.\])ectod to the extent of 
tolneqe 10 per cent., paratiin 0 o per cent., and carbon bisulphfde 01 per 
cent., and that the extreme error is not serious. 

A few prehnnn.ary experiments vith lirst runnings” show that this 
method of analj’sis can be applied with a slight tnoditieation. 

In (Iraph 8 are eolleeted in one diagiAin the curves showing the effects on 
the sprt;ilic gravity of benzene, of toluene, carbon bisnlphidd, and paraffin, 
together with the toluene distillatioti curve The rai>thod of einploynicnt is to 
find the percentage of toluene from the result of distillation, and then to pas.s 
up that ordinate until tint benzene-toluene specific gravity line is niet, at a 
point_ o])posite which is found the .sjavtiffc fifravitj'of .such a benzene-toluene 
mixture. Tk'e differences of specific gravity, whicli ^lave already been de- 
acrihed as ln;ing pro])ortional to the percentages of carbon b‘«iilj)hide and 
paraffin, arc read ofFfrom their respective curves. 

“ , .Actually a slight error is introduced by tWis obtaining the percentage of 
•paraffin in a benzene-tolueno-parafflii mixture and making po allowance for 
the carbon bisulphfde renxived from the original sample ; the numerical 
difference is, however, too small to<)e of account. ‘ 

Taking for cxaanplc No. 3 fitnn the aUjve table :— 

Distillation: 1)7'9 c.c.« . . = .3 per cent’, toluene. 

Specific gravity of original .sample ^ 0'88Gf) 

Specific gravityafter removal of (IS, - 0-8839 

0'0027 = 0-7.9 per'cent. cSj. 


Difference 
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Specific gravity of benzene,•34)or 
* cent, toliiouc . . . = 0-88‘KI 

Specific gravityaftcr reuiowilof tS, == O'SS.'Si) * 

Difference . . . 0 0001 = noi^ligible paratfiii. 

Tt ib mteresting to note in passing tliat the effect of toluene on tlic 
specific gravity of hon/icnc is exactly oii^-teiith tlie eH'ect of paraffin of the 
•specific gravity of*0‘T.‘l0. • 

For tlie sake of coiivcnioiico of w(Jrkiiig, the, curves shown n (Iraph 0 
have been plotted. Here it is not even necessary to dctenninc the various 
differences in specific gravity : only the observed figures need to be dealt 
with. The analytical results are interpreted as follows; — 

The numher of c.e. dist^ling below iXr C. represents the piu'centago of 
toluene shown below. The number of c u. distilling*below 1){)' C. has been 
plotted ag^iifst the spociiie gravity found after removal of in such a 

manner tiiat tlie jiercentage of ])aratiin is read off directly. The specific 
gravity of the sample has been plotted against tl#e specific gravity after 
removing carbon bisulphide, whereby the percentage of the latter can be 
directly read oti'. 

Taking as an example No. 5 from tiie above table : 

Distillation; h4'4 c.c. . . 7*7 percent, toluene. 

»SpecUic gravityaftcr removal of (IS^, = O’iSSU) 

Junction of t)4'4 c.e. ordinate and () 8810 line is at 1‘7 % paraflin. 

Specilic gravity of original samp]e = 0 8>S7- 

Spucilic gravityafierremoval of C.S., 0'8810 

Junction of those tw-o co-ordinates is at 1*75 per cent CS.,. 

It may he of interest to follow the mathematical evolution of the one 
sot of curves from the other. * 

The curves in (Irapli 8 havc#bcon found to have the following minierical 
cliaraeteristics- 

DiHilllafion (ytirrc .—It has beey found that up to 8 per cent, of tohicnc 
(equivalent to per cent, distilling helow' !)() ) tliis is a straigh ino of 
tlic foruuilii jT 100-0'7T, \vber» D = tlio percenbigo of c.c. below 1)0" and 
T = ])crcentagc of toluene • 

Above 13 ])er cent, of toluene (equivalent ^0 DO'G per cent, difitilling 
below IW (.!.) the curve closely approximates to an exponential curve D 
,2-0.34 . 0-00G3T. , * • 

The “N(.^man’s land” between these two curves is occupied by a line 
following the obvious general curvature. * 

Toluene Curve. — The viwiation *u specilic gravity of bcn/.euc'by^ 
varying admixtures of toluc*ne is found to follow the law, T--601S0'9J 
(0'88.50 - f/|) where ;/, = the specific gravRy of the benztwe-toluene mixture. 

, Paraffin Curve. —This is expressed ^y .P * GOGOG1 where 

= the specilic gravity of the bcnzeire-toluciic mixture, and = speeifie^jravity 
after removal of CSj. » 

Carhon Bmilphiele, Curve .—This is represented by S = 281-6 {g-y.^ 
where (7 = (h-iginai .petifie gravity of,the samide, and (/^ = specific gravity 
after removal of OS., , 

Tlif (Jraph'No. 1) was obtained by plotting ;^'l 
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By uniting tbo foriynibc ropresenting' the distillation curve with ’ the 
paraffin and toluene specific gravity curves, the following expressions were 
obtained, whicli represent'in graph 9 the percentage of paraffin as described 
earlier: 

1) = 100 - 4242'42 (O-KHoO-^j) + 71’, up to 8 per cent, of toluene : 

log 1) = 2'034 — 38'183 (0'8850 —y,,)+ 0'0(i31’, above 12 per cent, toluene. 

K.vpcrinionts have been carried out and Graph 10 elah.in.ted^ Spielihanu 
and .lones,' in order to ascertain wiietlror the above method for the analysis of 
commercial benzols is apjilicahle tojirsl runniiujs. 

Tliis fraction differs from the bciizul fraction mainly in containing up to 
10 per cunt, or 15 per cent, ^aud rarely as much as Go per cent.) of carbon 
bisulphide, and up to 15 per cent paraffin, together with very small pro¬ 
portions of a number ofiither substances. 

Ifrom a known mixture it was found that even GO per cei«t.»of carbon 
bisulphide gave a distillation test corresponding to the amount of toluene 
added (5 per cent) wij.liin the limits of accuracy of the earlier benzol 
analysis. 

It was found, further, that water soluble substances were insufficient in 
quantity to affect estimation by specific gravity, and also that a severe 
washing with sulphuric acid to remove other iiiqiurilics did not cause 
alteration. 

The methoil previously described can therefore be apjilied directly to the 
ovalualiou of benzol first-ruiiiiings with the following modifications:— 

1. Carlion hixti/phidi:. —T]to estimation of a higli percentage of carbon 
bisulphide is most coiiveniently carried out by diluting the sample wdth up 
to live times its volume of benzene, which has been previously purified from 
any carbon bisulphide that it may contain. 

2. paraUiu .—The specific gravity of the paraffin of this fractio'ri is 0-700. 

If the percentage of paraffin is such that it lies outside the graph, its 

quantity can be determined most easily by employing the simpler of the two 
benzol graphs (loc. cit.), ascertaining the specific gravity of benzene-toluene 
mixture by its means, and determining tlfe difference between thi i and that 
of the sHuiple under examination after removal of CSj; the resulting difference 
is then evaluated by means of the paraffin graph. 

Further, it becomes necessary to take into consideration the percentage 
of carbon bisulphide present and to correct the quantity of paraffin fjnind by 
differences of'gravities. 

If, for inst'in'ce, 10 per cent, of carbon bisulphide i,“, present, the quantity 
of paraffin found will be that present in 90 c.c. of liijiiid, aiid the value, 
therefore, will have tb be diminished i'l the ratio' of 90 : 100. 

‘ I If general, paraffin (true figure) = 4 >arsffin found multiplied by the 

I 100 - j- 

fraction —— whpre r is the percentage of CSj. 

'This correction need not actually be, calculated, as ,it can be obtained 
directly in graph 10. , ' 

The following examples of known mixtures indicate the mode of 
employment:— ‘ 

(1) Mixture taken ; 4 per cent, tofuene, 3 per cent, piraftin, 12 per ceat. 
CSj, 81 per CK^t benzene, ‘ 

’ J.S.C.I., 15th September 1916. 
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Distillation of 100 o.c. up to’!)p°C. gives 97'5 (^c., equivalent to .l-G per 
cent, toluene 

Specific gravity after reinova^of CS^, 0'876’1. * 

Junction of 3’6 per cent, toluene with gravity 0'8762 liilb is at 4^ per 
cent, paraffin. 

Specific gravity of original sample, 0'920.'). 

Specific gravity after removal of CS,,, 0'87C2 = 12-5 per cent. CS... 

^ fn ordet to oljfiaui a correct value for* the paratfiii, the point Representing 
the observed percentage is moved upwards eoiitiiiuously, eijuidislanC from the 
eontinuouB and then (lisconliunons straight linoi? until it reaches the point 
representing the carbon bisulphide percentage; this point gives the correct 
value of 3'8 per cent, parallin. • 

(2) The mixture taken consisted of: 4 per cent, toluene, 11 per cent, 
paraffin, .50 per cent, carbon'bisulphide, 35 per cent ^lenzenc. 

l)istiU%tipn of 100 c c. to 90“ C. yields 97'! e.c. = 4 jier cent, toluene. 

As the mixture has a gravity of 1 '0496, which is out.sidc the graph, 
exactly 15 oc. was diluted five times, i.e. to 75 c.c. with pure benvene. The 
specific gravity of this mixture 0'9I50; the specifit; gravity after removal 
of CSj: 0 8794 = 10 per cent. CSj = (5 x lO) = 50 per ’cent, on the 
orfgiua'. 

The junction of 4 per cent, toluene and the 0 8791 line is at 2 (i pur cent, 
paraffin; this figure corrected as before shows 2 3 per cent, paraffin, which 
equals (5 x 2 3) = 11'5 per cent, on the original. 

It will be rc.alised that for high percentages of carbon bisulphide and 
paraffin the results will be less accurate than those obtained in tlie anidysis of 
benzols, but at the same time that there are no serious deviations from 
the true values. 

• Jones Mbthod. • 

ft 

Based upon the theoretical consideration, that the depression *of the 
freezing j)oint of a liijuid, caused by the presence of a dissolved substance, 
is, in general, proportional to the weight of the solute dissolved in a constant 
weight of the solvent, F. B. .1 ones, has elaborated the following nioth(Al of 
analysis of*commercial “ pure ” benzol. » 

Application of the Method.—At is evident that a method of analysis 
such as that described abov# can be applied to the case of commercial pure 
benzols. Up to the present time, in order to carry out the complete analysis 
of a saffiple of “ pure ” benzol, it would have been necessary to asstimatc the 
carbon bisulphide and, the thiophene by gravimetric methods ^ the tbhifeue 
by the fractioiiation of a large bulk of the sample! to obtain a residue rich in 
toluene (the composition o^ which could be found drom its di.stillation 
characteristics), and the paraffift ciyier from the consideration of the specific < 
gravity of the sample after the removal of carbon bisulphide and thiopfiene^ 
or by the rom(Aral of aromatic hydrocafl>ous b^ exhajisdivc treatment with 
sulfihurie acid. 

The proposed.mtthod has the Hdvantagq that by its aid an analysis can 
be completed within one day by the employment A)f simple operations. By 
suitable arrangement of the work, this rate is,considerably increased when 
several analyses aic titled m togethei; 

'The Freezing foinf, Measurementt .—The following provides a means 
whereby small • quantities of carbon •bisulphide, thiophene, *foluone, and 
paraffiif may be estimated with little trouble, and with a fair approach to 
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accuracy, the iiicitsiirerjuuits re(iuirc<l bcyi^ three freezing points and one 
specific gravity. The freezing points arc determined in the usual wSy, by 
meanji of any tlieruiometer capalilc of giving readings accurately toO'OrC. 
over the range 0 o u'C. Since, on an average, a dilferenco'of O'CTC. 
corresponds witli about 0'<)2 per cent, of impurity (O'Ol per cent, in the case 
of carbon bisulphide), this is the theoretical accuracy of the method. Should 
the best thermometer available be one divided in 0'1'C. readable to 0'05° C., 
results can he obtained accurately olily to O'l per cent. in Ihe eai4 of ^ 

carbon bisulpliide). In this case, of cojirsc, the thermometer corrections must 
be known to O'Or/ G. 

The Method of Aual;/sis. —The iec points of the thermometer having 
been determined, the frec/ing point (1.1\ 1) ol the sample is taken. The 
carbon bisulphide is then completely removed by treatment for not more than 
bne hour wdli alcoholgi potash, avoiding the tise of an undue excess of 
alcohol, followed by three washings with water. The freezing point of the 
residual benzene free from carbon bisulphide is determined <!<'.?. 2). The 
thiophene is then completely removed from the carbon bisulphide-free benzene, 
according to a methoir privately eomniiinieated by iir S. 1’. Sctiotz, by 
shaking eoiitiniiously for 2 to d hours with twice its volume of a cold solution 
of ba.sic mercuric sulphate (l)cniges’ reagent) prepared by dissolving 5 graais 
of mercuric oxide in a solution of 20 c.c. of concentrated sulphuric acid in 
100 c.c. of distilled water and lilteriiig the solution. The residual benzene is 
washed twice with cold water in a separating fiiiiiiel, the water removed, the 
benzene liltered from suspended solid through a small filter, and its freezing 
point (I'M’. 3) and siiecitie gravity at iri57lb'S"C. are determined. The 
specific gravity must be measured accurately to within b in the lifth 
decimal place, a degree of accuracy obtainable without difficulty if a good 
typo of pyknometer is used, and if the temperature of the bath is know.ti to 
dOO“C. In practice it is convenient to take 60-70 c.c. of the stniple and 
remove the carbon bisulphide. The residual liijiiid is then divided into two 
portions, 20 30 c.c. being reserved for thft determination of F.P. 2. - The 
thiophene is removed from the remaining 40 c.c. It is advisable in all eases to 
prove the absence of thiojihcnc from the final residue by the J.satin and 
sulphuric acid test. 

Emploi/ment of the (iraph No. 11. -The voluino percentage (<;.c. per 
100 c.c.) of carbon bisiiliihide is obtained froiif the graph by reference to 
F.P. 1 and F.P. 2, the thiophene from F.P. 2 and F.P. 3, and the paraffin and 
toluene from»F.P, 3, and the specific gravity.^ Theoretically it is neciftsary to 
a])i?ly’correctioris to all the values obtained to allow, for the increased con¬ 
centration of the other impurities incident on the removal of carbon bisulphide 
and of thioiihene, but in practice the ^raalluess «f the (jiiaiitilies present and 
»yie yraits of accuracy of the method rendiir tlfis unnecessary. 

• The Effect of Water. —The material does not need to be dried after the 
various extractions,•fo*- water a))pe*rs to be sufficiently insoluble in benzene, 
at.tcniperatures dear 5°C., nofto.aff'ect the freezing point. The liquid of 
which the specific ^^ravity is to Ije deterrajned should, hoVejer, be dried with 
a pellet of calcium cldorid?. 

Effect of Other j— The condition essential.to the successful appli¬ 

cation of the method is that impuriti«s other than tlfc above nalned shall be 
either absent altogether or present in not more than thg most minute quantity. 
The sulphuric acid test (90 c.c. of the sample shaken for estrctly 5 minutes 
with 10 c.c. of 90 per cent, sulphuric acid) must not show more thaif a pure 
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lemon-yellow colour; this imiioktes that the analysis may be performed 
directly on the sample as receivdl. Should the acid to*st show a deeper 
colour, the sample must be wasdied for f) minnt*s with 5 per cent, of its 
volume of 90 per cent, sulphuric acid, followed by treatment with cihistic 
soda solution, and several tborouph washings with woiter before proceeding 
with the analysis. 'J’hc pr^.senco of undesirable impurities is also indicated 
by the appearance during the treatment with alcoholic potash of a strong 
yoll#w colour that appears also in the •extracted ben/.ene. Care must be 
•taken that the alcohol used is suHicientl^ pip-e, for should it contain aldehydes, 

. coloured resinous substances are produced, and tUcse ultimately contaminate 
the benzene, which should remain colourless after treatment. For the same 
reason it is inadvisable to leave the ben/.ene ai^d alcoholic potash in contact 
for more than an hour. '•I, he etlect of the impurities in an insutticiently 
washed sample is to increase the aj)parent quantity of carbon bisulphide.^ 
The thiophene estimation may also be aflected to a smaller extent. 

liesnlU .—The method has been tested on mixtures of known composition 
made up Irom the same materials (with the exception of the benzene) as 
those used to obtain the figures for drawing the gi-aph. 

(1) A known mixture of benzene, carbon bisulphide, thiophene, toluene, 
and parallin (the benzene used contained Od per cent, of paraffin). 





'I’iiken 

Kdiind. 

F ])t 1 . 

-- 4-43'’C. 

Cai'lioii bisiiljiliide 

0-20(J 

0 21 

K lit? '2 

1-6‘r {). 

'riiio])heiu‘ 

0 

0 47 

F.j.t 3 

- 

'roiiuiiif' 

0 1-J9 

0-1 r» 

S|). gr. 

- 0 S824 

ruiulliti 

1 -‘29 

(MD-l-O-l) 

1 3 


1^2) A known mixture similar to (1), but containing in addition a small 
quantity qf hexylene. The mixture was divided into two portions, one of 
which was analysed directly, while the other received a preliminary acid 
washing, as already described, il'he benzene used contained 0'3.'i per cent, 
of paraffin. 
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The inetliod *can also be applied in certain pascs to* wedl-washcd com¬ 
mercial benzols, and for this reason the toluene graph has. been extended to 
3 per cent.^ but i ipeh a, case the accuracy’of the method is diminished. 
SWjuld the quanti^' of toluene exce'ed about 3 per cent, the method of 
analysis devisee^ by Spielmann and Wlyieler is more widely aii^l more easily 
applicable. 
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^\^THOl) OF 1). N()^miALL-LAUKlK. 

Theoretical Com^dera^^(in>i. —Wlien ii mixture of two chemically similar 
substances inlinitely miscible, sncIi as boji/cno and toluene, and which 
do not form a mixture of constant boiling-point, are boiled, the relation 
between the molecular composition of the vapour and the molecular composi¬ 
tion of the mixture is constant, and can be expressed by the equation 


wliere Xj and X„ are the relative masses of the constituents in vapour, Wj 
and W., the relative masses of the constitneuts in the liquid, and C a constant 
which is usually a ratio of the vapour pressures.' 

As the constituent of lower boiling-point Ix; Is otV, the percentage of the 
liigher boiling-point constituent rises, and so does the boiling-^wiiit of the 
mixture, tlic conifiosilion of tlie vapour clumging in the same manner. 

It thus follows that if a mixture of benzene and toluene is distilled at a 
uniform rate, in a ilask, witljoiU stdl Inuid condensation, into an otheient 
condenser, tlie com[)osit!on of the first drop (•(»iideiis(*d will be equal to the 
composition of the vapour, and as distillation proceeds, the percentage 
composition of the distillate will lie in inverse ratio to that of the mixture 
distilling. 

If lialf the mixture is distilled in the above maniuT, and assuming equal 
(piautities of each constituent present in the mixture, the benzene will be in 
excess in the fraction distilled, ami toluene in excess in the residue. 

Again, if the relationship between the percentage composition of the 
constituents to tlie boiling-point is known, the amount of each constituent 
in the fractions can be easily determined. 

‘Mixtures of benzene and toluene, toluene and x^’lene, of known composi¬ 
tion by volume, wore prepared, and their boiling-points noted. These were 
plotted against the percentages and a curve drawn, Graph No. .12, from 
w’hich the composition hy volume for all boiling-points could be read off. 

, Mixtures of the three liomologuos will behave under distillation conditions 
in a f^imilar manner, hut in tliis case the relationship betw'een the percentages 
of the constituents in the fractions is more com])licated. In this case two 
fractions must be collected. Th(^ benzene will then be in excess in the first 
fraction, the toluene in the second, and the xylene in the residue ; there 
being a proportion of the three homolognos in each fraction, this puportion 
varying according to the percentage c6mposition of the original liquid. 

As tlie three isomers of xylene occur in commercial xylene, and as the 
percentage of each isomer varies in difl’erent samples. ‘ slightly varying 
bcfiling-points will be obtained in practice. U is found, however, that owing 
^‘to the boiling-points of the three isomers being so close, namely, 143*, 139", 
and 138° C., the error due to taking one fixed boiling-point does not affect 
the^’esults in any marked degree. 

A,more complete separation of thc'mixture into its three constituents 
would bo obtained by using an evapdrator still-head and collecting the 
fractions up todl0'()"0 and 139° 0., instead of equal amounts. This is, of 
course, the procedure adopted in fractional distillation. 

It is thus seen that plain distillation tends to' separate the three 
constifcuenUf fractional distillation giving a more complete separation. 

However, any mctliod of analysis depending on fractional distillation is 
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tediovs and likely to be unreliable, unless conducted* with great care. 
Conae<jueiitly, if sufficient separjition of the constituents is obtained by plain 
distillation in three fractions, so as to give first and last fractkins of markedly 
different boiling-point, a method of deterinining toluene would be possible. 

After a considerable number of experiments the author has devised a 
practical method depending upon the principles above cited. 

i/Hethod .—A known volume of the siample i!i distilled at a uniform rate 

^ m a distilling»fl.-tiik into an efficient condenser. As soon as obe quarter of 
I volume has collected, the receiver !s changed, and a further half distilled 



over. The distillation is thtn stopped. Tlie boiling-points of the iTtst , 
fraction and the last (namely, flie residue in the flask) are then taken irt aij 
apparatus of special design. On referenceato a table or gr^ph prepared as a 
result of experiment with known mixtures, the ^i»ntitj*of tgluene is reatJoff. 

This method, depending upon t^e colRction of fractious always^f tfie 
same quantity andTioting the boiling-point, hasadvar^tages over the alternative 
method of collecting fractions to a definite temperature and eieasiiring them, 
inasmuch as ^iu cas here there is a predominating amount of due 
oons^ituenf the quantity*of one or more bf the fractions would he .small and 
difficult to meastire accurately. 

. Boil^g-Point —The boilftig-point apparatus required for us 

jn taking the boiling-point of the fractions is shown in fig. 54. 
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This can be ea'^sily cobstrueted from arlistilling flask. Tn the neck.of the 
flask is placed a tliin cylinder witli a Ijolc in the side corresponding to 

the cTdtlet of Uv^ nock of the flask and scaled to its sidijs. This glass screen 
protects the bulb of the thermoniotcr and ensures a steady temperature, 
preventing variations from draughts or other causes. 

Process.— 200 c.c. of the sample measured at *tap water temperature are 
placed in a distilling flask'of just.sutflcient capacity, with the neck ci|t off 
close above the side tube. The contents are distilled at tke uniform rate oi# 
7 c.c. per minute through an eflicidnt condenser into a bO c.c. measuring 
cylinder. When 50 c.c. have collected, the cylinder is quickly changed, 
without stopping the distillation, fora 100 c.c. cylinder. As soon as 98*5 c.c. 
have come over, the flame is extinguislicd and thc^oiitents of the flask allowed 
/o cool. By the time that all drops from the condenser have ceased, 100 c.c. 
will have been collected. 

Should the first 50 c.c. bo turbid from the presence of watcr,*<i pellet of 
calcium chloride is added, and the cylinder well shaken 'and allowed to 
stand. 

The contents of the distilling flask arc cooled under the tap, transferred 
to the special boiling-point apparatus, and the boiling-point taken as 
follows:— 

The apparatus is connected to a reflux condenser and boiled at such a 
speed that the condensed fluid runs baek at the \iniform rate of one drop per 
second. The thermometer should be divided into tenths of#a degree, and 
should he tested to ascertain if it is accurate between temj)eraturo8 of 80° 
to 140 C. When the temperature has become constant- - which takes about 
10 minutes—the thermometer is road, the necessary corrections for atmos¬ 
pheric pressure and leiigtii of exposed stem made, and the figure noted. 

The apparatus is then disconnected, emptied, dried out, and tlie contents 
of tht 50 c.c. cylinder—which by this time will be (piito dry—ildded. The 
boiling-point is noted in a similar manner, and on reference to the Graph 
No. 12 the vertical co-ordinate of which represents the boiling-points of the 
first fraction, and the hori/.ontal co-ordinate of which rejircsents the boiling- 
point, of tl'c last fraction, the percentage of toluene and benzewj present in 
the sample can be road off. The difference between the sum of these 
percentages and a hifndrcd represents the xylejie. * 

Advantages of the Proce.s.'?.—-There is no need to measure the fractions 
very accurately, as sliglit variations in the amounts collected will not affect 
tke value of .the boiling-points determined. This obviates the necessity 
of cooling the fractions to one temperature, which* is a source of delay in 
hot woatlier. ^ 

If the sample is at tap-water fomperatpre. the fractions will necessarily 
I bc*at the same temperature, tiius elimifiating ,‘iny error due to expansion. 

The only partjOf the process il(iuiring special care is in.tb.e taking of the 
boiling-point, which would*pi;esent no dilficulties to a <pialified man. 

A determination can easily b*e completed in from flO to 40 minutes. *After 
the first distillation is •finished, the bbiling-point of the fractions obtained 
can bo taken ^whilst the second sample is being distilled ; and consequently 
the process takes no longer than the time required to distil ,150 c.c. at the 
rate of 7 c.c. pey minute. ♦ , 

Accimtfy. — IX ’m\\ be noted by inspection of the graph that the difference 
in the boiling-points is quite appreeiable for 1 per ceiit. differerj^e in •the 
toluene present. This ditfeT-f^i^’c increases with the increasing percentage qf 
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toluene. There is no difficulty^ ip determining the pe5pentage8 with an 
accuracy of *1 per cent. , 

Limilatums of the —Tlie new methoa will give direct r^isults 

for all possible combinations of toluene with benzene and xylene in samples 
containing from 50 to 100 per cent, toluene, the accuracy of the results 
being greater the higher'the percentage of toluene present in the sample. 
Th^ value of great accuracy in determinations of tohicne in com¬ 
mercially p^fcre stisnplcs is apparent, it l5oing important to be able to report 
upon the quality of small impurities* in‘commercial “pure toluone” now 
required for the manufacture of tri-iiitro-toluen^. For samples containing 
less than 50 per cent, toluene, aucli as 50’^/90'’ benzols, it would be necessary 
to add a kuow’u (iuantit 55 ,(>f pure toluene stf as to bring the results on the 
graph. This is easily done )y taking 100 c.c. of the sample, and lOOc.c. of the 
toluene, the error produced l)y doubling tlic result baiiig more than offset bjr 
the greater uccuracy of the determination. There is no limitation as to the 
percentage of I en/cne or xylene present, so there is no need to add anything 
but toluene to the sample. 

Paraflu. —Any paraffin present in tlie sample vanild appear in the 
analysis as tolucm^, and the necessary correction m\ist bo made for this 
material. This can be clone by the method suggestecl by Dr Colman, namely, 
to take in the case of very pure toluene, the gravity of the sample ; or in the 
case of toluenes of lower percentage, tlie specific gravity of the fractions 
distilled oveu botwociU the temperatures of 107"'and 115* 0., using a Young 
12-bulb head. 

Kvery unit in the third ])lace in the specific gravity loss than the specific 
gravity of pure toluene, namely, 0’870, will represent 0T>6 per cent, of paraffin 
in the toluene found. 

]^xample. —The specific gravity of a sample was 0 868. 'I’his is two units 
less than •()'870, 2 x 0'G6 e(jiia]s 13 per cent, paraffin. Therefore^ if the 
sample contains 60 per cent, toluene, the paraffin present would bo 0'78 
per cent. ^ 

Carbon Buulphide. —This material does not occur in toluenes containing 
over 60 pey cent., hut is likely to f)ccur in 50Vy0'^ benzols. It is necessary 
to remove this#matenal before the process can be employed This is easily 
done by mcaii.s of alcoholic potash, the carbon bisulphide being removed 
as xanthatc. The alcohol used must be either pure ethyl alcohol or 
industrial spirit. Ordinary methylated spirit coittains paraffin. 

Further JSote on Taking the Boiling-Foint. —As the whole j)r(?cess depends 
upon the accurate dctcirmination of the boiling-point, care must^bo taten to 
always take readings under similar conditions. The apuaratns used for this 
purpose should he of tlie cxacjt size specified. The flask* should be supported 

above the top of the burfson •burner, which burner must be screened^ 
from draughts by means of a cylinder ofawiro gauze. The flask should rest 
on a square of asbestos, with a hole \\" in stem of, the 

thm-mometer must bo screened froni coi»'cclion currents by means of* a 
square of cardbojfrd slipped over thg cork. # * 

An auxiliary therinomelcr should be suspended within 3" of the thermo¬ 
meter, so as to giv>' ;!■(’ air temperature imimidiately surroiiuding its .stem. 
The whole apparatus shbuld be well prfltected from draughts. 

The rate of boiling must be so regulated that the drops falliiig back from 
the reflux condeUi^er do so at the uniform rate of one drop per second. 

The' most convenient way of regulating this rate is to employ a metro- 
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Dome. With thes* precautions it is quite„oasy to obtain rapid observations 
.within one-tenth of a degree. 

BqiliHg-Point Corrections .— It is of course necessary, on account of the 
changes in atinosplioric pressure, to make corrections in the boiling-point. 
The relationship between the boiling-point of liquids to pressure is expressed 
by the equation 

AT = (760-je) (273-f <)C, 

whore A T is the dilference between the*observed boiling-point and the boiling- 
point at 760 rnm. pressure, I is the boiling-point of the liquid; p is the 
atmospheric pressure reduced to 0° C., and C is a constant. 

The values of C are :— 

For Konzc'nc ..... 0'000131 

„ Toluene.0'000130 

„ Xylene.O'OOOll.'y 

Within the usual limits encountered, the mean value of this constant can 
be employed, and the following corrections, which have been determined from 
the above equation, will apply :— 



Ci.u r(‘ction 

PiehhUre. 

Correction 

I’ressure. 

j Correction 

Pressure. 

to lu' made. 

to be made. 

to be made. 

770 

0-45 

759 

4-0-05 

748 

4-0-55 

769 

-0-4 

758 

4-0-1 

747 

4-0 6 

768 

- 0-3,5 

757 

4-0-15 

746 

4-0 65 

767 

-0-3 

756 

4-0-3 

745 

- + 0 7 

766 

- 0-3.5 

755 

-bO-2 

744 

4-0-75 

765 

~0-3 

754 

4-V)-25 

743 

4-0-8 

764 

-0.3 

753 

4-0-3 

743 

4-0-85 

763 

-0-15 

753 

4-0 35 

741 

.4-0-9 

7f!2 

-0-1 

751 

-10-4 

740 , 

4-0-9 

761 

-005„ 

7.50 

4-0 45 

739. 

4-0-95 

760 

0-0 

749 

- 

4-0-5 ' 

738 

-bl-0 


Stem Ciyrrectimis .—As a portion of the stem of the thermometer has 
not been entirely surrounded by the vapour of the boiling liquid, another 
, correction is rc(iuired before the true Itoiling-point is obtained. The correc- 
b'ons'to bo added have been calculated from the formula 

V 

r 

• ■'OOOQU.S (T-<)N 

when T is the observed bofling-point, t the temporattire of the stem outside 
flaskj and N thc'longth of the mercury column in degrees not heated by the 
vapour. ' ‘ 

The following table embodies the values obtained and should be used'for 
the purpose &f making the necessary corrections, correction to the nearest 
0 0b* being taken : ^ 
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* • • • 


;r-L 


N. 

:) 0 " 

60“ 

70' 

80“ 

00 “ 

100 “ 

114 ° 

10 

0-07 

009 

i 0-10 

0'12 

0-13 

0-14 

0-16 

20 

0 - 1 .5 

017 

r 0 20 

0 23 

0-26 

0-29 

0-32 

3« 

0-22 

0-26 

0-30 

0 34 

•0-39 

0-43 

0-48 

40 

0-29 

• 0-35 

0 40 

0'46 

0-52 

0-57 • 

0 63 

50 

0-36 

0-43 

OmO 

<0 57 

0.65 

0-71 

0-79 

60 

0-43 

0-52 

^ 0 (iO 

0 68 

t) 78 

0'86 

0 95 

70 

0 50 

0(10 

0 70 

0-80 

0 91 

1-00 

MO 

80 

0-57 

0 69 

0 80 

0 91 

• 1 03 

114 

1-27 

90 

0'65 

0 77 

' 0 90 

ro 2 

1 17 

1 29 

1-42 

100 

0 72 

• 

0-86 

, 1 -00 

1 14 

1-3(V 

1-43 

1-57 ' 


Note on the Graph -—Jt will bo iiolod Lliat, liesides the black line 
running in a sloping direction and gradually becoming more curved as the 
percentage of toluene becomes less, there are horizontal red lines running 
across the grajih. Tliese re[)resent poi’centages of benzene, and the graph, 
therefore, enables not only the percentage of toluene to be iletermined, but 
also the percentage of benzene. The sum of these percentages taken from 
100 will givc*thc percentage of xylene. 

Coitclusion .—The method above described is (juick, is ajiplicablc to all 
commercial samples, gives results with an accuracy of 0 1 per cent., and is 
especially valuable fur determining the ])unty of “ pure toluene.” It is, of 
course, only applicable to commercial toluenes that Inive been washed free 
from pheiK^s and vinsaturuted bodies. 


THE ESTIMATION OF XYLENE IN SOLVENT 
NAPHTHA.' 

.\iliTHUl) OK Sl’IELMANN AND .lONKS. 

• ^ 

Tlio (lifliciilty iittciKLuit" (#i this estimation is tine to the fa<!t that xylene 
itself consists of three isomers of different hoilini; points and speciHc gravities, 
and that it exists as such in a complex ipixture of cumene, tri-metbyhbeuzenes, 
and other substances i^hicli boil gradually up to 170'(!. and ojer. ft Has 
been found that,if the benzene, toluene, and xylene be completely removed 
by careful and repeated fracti<*nation fropi different makv’S of solvent napl\fha 
and the fraction of the residue djoilyig from 143°--170” G. be examined Jn a 
constant boiling point apparatus (sueh as ^that devised by Northall-Laune ii» 
connection with ids estiiuation of toluene) the coristant ^)Miiig point obtained 
Bcascely varies with the different makes. » • * , 

Commercially ^ii^e xylene, fracti*onated a^id collected between 136° and 
143° C., gives in the same apparatus the constant Roiling point of 139'15°C. 
It becomes possible, th.-reforo, from examination iif known mfxtnres of xylene 
with the 143°*-- 170° C. fcsidue, to consta-uct a curve by means of which the 
com"{X) 8 ition of .unknown similar mixtures may be found from their boiling 
points.,^ 


‘ J.U.C.I., IDtli May 1917. 
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100 c.c. (or ^00 c„c. if necessary, f6r (dolmananaijais) of soJvenfc 
naphtha, accurately measured, is distilled over a Young 1 2-poar head at th*e 
usual rate of one drop a second. Tlic ffactions up to and from 

138 (^—ITO^C. (all temperatures being corrected) are collected in separate 
cylinders and measured. 

The benzene, toluene, and xylene in the first fractions (up to 138" C.) are 
estimated by (Adman’s methpds for examining toluols an(l solvent napljtha. 
The xylene in the 138“—170" C. fraldioii is evaluated br faking the boilings 
point in tlie constant boiling-poinfr apparatus, and referring to graph 13. 

All po.ssible care must bc taken to get an accurate reading for the boiling 
point, corrections !>eing made for barometric ])ressure, therinomcter error, and 
unexposed stem, as is customavy in such determimtions. A steady tempera¬ 



ture is usually attained after about 20 minuteB’boiling at such a rate that 
the IKpud condensed from the vapoiir drops back,from the end of the 
condenser at the uniform rate of one drop a second. After constancy is 
approximately attained, tliere is a ,slow rise pi temperature on continued 
„ boiling, due, apparently, to the warming up»of tlie uiioxposed stein of the 
thermometer, and of the end of the reflux condenser. The accuracy of the 
boiling point curve i iay bo taken as + 1 ~ per cent., when tlie xylene content of 
thp 143 -J 70 0. fraction is above(jO per cent., but owing to the divcrgcnca of 
boiling.point of the “ higher tiian xylenes ^ there may be ^tii a"ror of more than 
+ 2i per cent, when only'small quantities of xylene ai'C present. As, however, 
tho^^average (piaiitity of xylqpo in solvent naphtha is about 00 per cent., the 
region of the curve showing tlie maxinumi error will notibe employed inpractice. 

Determination/if tiie composition of mixtures of xylene with the 143*'- 
170 C. re8idr4e froimthrce makes of sVdvent naphtha other than those from 
which the curve was constructed : » ’ 



the estimation of xylbns in solvent, naphtha. 


121 


1 

2 


3 


'ftki-n (Xylene %). 
. * 11-6 
29-3 


Foiinil (Xylene %). 
U'O 
28-8 
•65-3 


For tlie sake of complgteiicas, ,a full e.\aiH})le i.s fiiveii of the examination 
of j, sample of commercial solvent naphtha, including the corrections for 
imexposed stem j^nd barometric prcssui'o, and their iipplicatioiis. 

The correction for imexposed stem may be obtained from the graph, 
(page Ifit), • 

The correction for barometric pressure i.s given by the eijuation : 

'*■ A(-.0'01f) (760-yi). 

A< is the lunnber of degrees to he added or subtracted according to siffn, 
and ^1 is the corrected barometric pressure (corrected for temperature at the 
time of expcrii.ieiiti). 

Kj'avtplc — 

Volume from distillation of 100 c.c, over a 12-pcar head up to 138° 0.=^ 
22-1 c.c. 

This 2]'l c.c was mixed with .Oi ri c.c. pure toluene and 20’4 c.c. pure 
benzene, and the mixture analysed by (lolnian's method. The results 
indicated tijat the 22'1 c.c. contained benzene, ml; toluene, 6'2 e.c.; xylene 
(by dilfereiice), I5'9 c.c. 

Volume from distillation of 100 c.e. over 12-pear bead from 138° to 170" C. 

= 69'7 c c. 

Boiling-point of this fraction : — 


Observed reading .... 

-p thermometer error correction 
-pbarometric corree^on (for 755 mni.) 
+ iincx])Osed stem correction 


= 141 •(;"(:. 

Ml'7°(l. ' 
= 141'9°(!. 

= 113'25°t!. 


On reference to the curve the fi’actioii is found to eoiitain ()7-2 pjjr cent, 

xylene, eorresfioiiding to the corrected boiling point M3-2.a’0., therefore total 
" 

content of xylene in the ofiginal solvent naphtha = 15-9-P - 6 (,-2 = 63 


—An estimation of the projiortion of paraftin associated with 
xylene may be made by the folloVing procedure, based, closely on. the 
method of Wjl.son anif Roberts.^ 

The quantity of the sanqile—lOO c.c. is generally; sufficient -is distilled 
over a Young 12-pear head *it the rate of one drop a second, the pifrtioip 
distilling between 138'-143"C. (corrected) being collected separately. “10 Jo 
20 c.c, of thi,s fraction is vigorously shhkon for about.dO minutes svith 2| 
tijpes the volume of weak oleum made by^mijiif^' one volume of 22 per cent, 
oleum with two^ol»mcs of 95 per «eut. sulphuric acid. , 

The absorption of the aromatic hydroclrboiis.is carried o\it in a 100 c.c. 
flask, of which the neck is graduated into 10 c.c. and suhttvided into lOth’s 
of a c.c..from the voiuiue m«rk upwajds. Aft?T suflieieut shaking, the'level 
ofHhe liquid is driven up iiito the graduated neck by the lyddition of a further 
quantity of 95 per cent, sulphuric acidj 

• Gas Himrdj Cliicagp ; J. Oas Lighting, 1916, 226-227. 
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After standing--preferably over night-p^hc paraffin will be found to'be 
isharply separated. 

h].m7nple ,—100 c.c. of the solvent naphtha quoted above gave about 23 c.c. 
between 138° and 143^" C , 20 c.c. of this fraction yield 2‘5 per cent, of paraffin 
residue. 

This is the quantity present in 20 c.c. of the xytene fraction, therefore, in 
63 C.c. of the xylene the quantity of xylene found in 100 c.c. of the solvi^nt 


naphtha) therC is — ' 


Tliercfore this particular sanq)le of solvent naphtha contains 55 per cent, 
of xylene, together with 8 per cent, of associated narattin. 


ESTIMATION OF THIOPHENE.^ 

Introduction. —-The estimation of thiophene in ben/.enc is a problem of 
importance to certain industries in which hcii/etie is used.' It has lanm found 
that aniline prepared fron.' benzene containing thiophene rcsiuifics much more 
readily than aniline prepared from thiophene-free hen/-enc ; that the yield 
of resorcinol is much diminished unless only very little thiophene is present; 
that much more resin is formed in aluminium chloride condensations if 
thiophene )>c present; that thiophene acts in an inhibiting manner in certain 
other catalytic reactions. 

The published information on this matter is so scanty and contradictory 
that it was considered desirable to examine the methods closely. 

METnons, 

Four ginieral methods have been suggested : (u.) a volumetric mctiiod,- in 
which confidence is not aroused, amongst other reasons on account of the 
varying arbitrary factors to be used; (h) a colorimetric method,'^ which might 
work well if the thiophene present is measured by the blue factor in the tinto¬ 
meter and referred to a previously constructed standard scale; (c) gravimetric 
method?,^ whereby a precipitate is obtained'with either basic mercurio sulphate 
or acetate (in the latter connection it must bo remembered tliUt the boiling 
toluene reacts with mercuric acetate, acetic acid bqhig set free; but under the 
conditions of the estimation this reaction apparently docs not interfere); 
(rf) a method based on the rate of formation of a, precipitiite under preso'ihed 
condi,tioii8 with basic mercuric sulphatc.^‘ 

Deniges’ nfethod—heating the sample in a closed vessel wdth a solution of 
basic mercuric sulphate*'—causes the production of a precipitate not only 
with thiophene but with many other sul'stances i^ccoinpanying it—for instance, 
cajboii disulphide,’ and acetone,® using this method obtained a precipitate 
even with thiophene-f^ee benzene. • 

* (Ry Percy E. SpiehTiaim, Ph.D., B.Sy , and S. P. Schotz, D.Sc.Tecli,, B.Sc<-s 

F.l C. . ' *. ^ 

“ Dfliiigt‘8, Bull: Soc. chivi. 86£, 1064 ; A'lialj/sl, 1896, 21, 297, a03, 

^ Schwalbe, ('hcvi^Z., 1915, 895. 

Qf Deniges; also of Dimrotli i'Ber., 1899, 32, 758); and of P.ioliiii and Silberniftiiu 
(r;o:2. /ia/. 1915, 45, Jl, 388.) . ** , ’ 

* Deniges, Bull Soc^ chim. 1915, 13, 538. 

® Denigus, BhU. Bor. ckim. 1895, 13, 538. ^ 

’ Deniges, Bull. Soc chim., 1915, 17, 353/ 

® Schwab^, Z. fiir Farh&n- uml Teztil-Industrie^ 1915, 4 , 113, 
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The use of mercuric acetate uftder various conditions has been studied by ■ 
several investigators. Diraroth rbfluxed 1 kg. benzene (with continued 
stirring) with a solution of lO’grums of HgO, JOO c.c. H.,0, and 40 c.c. ' 
glacial acetic acid for ^ hr. A precipitate of C^H^S (HgO.(i)CHj) HgflH is 
obtained. Schwalbe' examined the addition compound formed and found 
the sidphur content of tlie*precipitate to be mucli lower than it should have 
boc]^ according to Dimroth. Applying this method to pure benzene-thiophene, 
(mixtures he obtained too high results, 0 144 per cent, instead of ■! per 
cent; 0-G62 per cent, instead of '4 perpenti 

I’aolini and Silbermann attempted further inrprovements in this method, 
which were substantial but insullicient. They boiled a known quantity of the 
benzene under examination, with a slight oxcess«of a solution containing 1 part 
HgO, 2 parts glacial acetii acid, filtered, and washed the precipitate w'ith 
ether. Our experience, however, has shown, that the mercuric acetate, whioJi 
is so obtaintyl, i,s very sparingly sohd)lc in, and is slightly decomposed by, the 
commercial ether ordinarily in use ; so muel. so that a blank experiment 
which was carried out by us according to their instructions with thiophene- 
free benzene, after very thorough washing indicated) ’50 per cent, thiophene. 
Therefore, according to this mode of working it is nece.ssary to know before¬ 
hand closely approximately the (]uantity of thiophene present in order to 
work with only a small excess of the jirecipitating solution, so that subsequent 
washing with ether should not take an excessive time. In practice when any¬ 
thing up to, 2 per cent, (in very rare cases) maj’ be present; a considerable 
e.xcess of precipitating agent must always be present, so that it is only by 
chance that the correct proportions w'onld ho employed, and only by chance, 
therefore, that a satisfactory analysis would result. 

In the examination of the gravimetric methods, tests were made with 
thigphene-free benzene to which thiophene (b.p. 84°-84'5" C. (corr.); sp. gr. 
(ir)'.5°C. V070.3) was added in known quantities. It should he noted that 
owing to the large diflerence between the raoleeuhir weights of tho feacting 
substances, which join to form arpaddition compound, a deviation of 10 mg. 
in the weight of the precipitate obtained from 10 c.e. of a 1 per cent, solution 
of thiophene makes a difference ot only 0 01 per cent, on the weight of 
thiophene found. ' 

Deaiges’ Vltthod. — MethyU alcohol, free from acetone, when used as 
prescribed, gave an immediffte yellow precipitate, although Deniges records 
that such a solution is stable for 5 to G houra Many iittcmpts to find a 
stable solution failed. , , 

Ethyl Alrohol was ^ried by us in place of methyl alcohok Jn thiti rtise, 
too, a precipitatp was formed, and if the proportions of HgO, H.^SO^, HjO and 
alcohol .are such that the »solution ijpmains clear, i4 no hjnger properly 
dissolves the benzene. However, a(fer the preliminary precipitate was formed, 
and filtered off, the residting solution was .stable, but for little more than am 
hour only; this time, however, was sufficient. This glorification was found 
to* cause the method to become sufficienijy reliable for usfi as a routine ^pst 
which has to 1* dkrried out quftkly, the mode of procedure being the 
following:— * 

20 c.c. of 140114"^’reagent (.G grams HgO, ,20 c.c. coifcentrated H„.SO(, 
100 c.c. are mix«d with 60 c.c.<if absolute alcohol, shaken well, and 
filt'^red. Theelear solution is at once mixed with 2 c.e. of.the benzole under 


> Her., 190,'), 2208, 
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examination and is allowed to stiind for 1 hour with frequent shaking. After 
filtering through a Gooch filter or tared filter paper the precipitate is washed 
till neutral to litmus, and'dried for an hour‘at 110-115° G. 

The weight rf precipitate multiplied by the factor 0T032 gives the weight 
of thiophene present in the quantity of sample taken. The composition of 

/HgO \ 

the precipitate corresponds'to Hg, C,lljiS, so that 1 gram 

. : \ngG/ ' ' 

correspond.s to •10.'!2 gram of thiophene. (Deuigea gives = 

•1034). 

Usually thiophene is present in hen/ol to an extent of not more than 
0'5 per cent., hut if more be present an increased quantity of the above 
reagent must lie used. The results tend to be a little high. 



Taken 


Fouiid 

Itcagciit. 

Alcoliol. 

Thioplicijo. 

Tliioi)lieli. 

c.c. 

' c.c. 

% 


20 

60 

0-052 

0-055 

30 

90 

0-02 

0-55 

15 

45 

0-52 

0-52 

30 

90 

1-07 

f 0-99 

1 0-91 


Many experiments were made varying the proportions of reacting sub¬ 
stances, the temperature of their preparation and prccijiitation, time, and 
amount of shaking. The c.xaniples (pioted may be taken as being typical for 
the best conditions of working, and although the difference shown is as much 
as 6' per cent, of the ejuantity' of thioiihone taken, the practical errOt is 
negligilyle. The method is, however, much more erratic than a method to 
be described, and reipiires some practice for successful working ; for these 
reasons it is the less desirable. ' 

Still another modification has been tried, which, however, was not success¬ 
ful. 2 e.c. of benzene was dissolved in 90 c.c. of alcohol, and.tSO o.c. of 
Deniges’ reagent was added and the mixture allowed to stand,*with frequent 
shaking, for 1 hour, or. longer if thought iiccesyafy. Then about 80 o.c. of 
20 per cent, snljihnric acid was added, and the mixture was shaken till the 
yellow colour of the prccipttatc had disappeared ; the residue was filtered off 
and treated axi before. The results were found to be too high, viz. 1-35 per 
cent, and 1-15 per cent., instead of 1'07 per cent., tire deviation apparently 
resulting from the presence in the alcohol of some reacting bodies, which in 
the previous mode of procedure were ‘illtered off." 

u Modified Basic Mercuric Sulphate Method (Recommended).— 

This method, which gives very cojsistent resnlks, consists of shaking the 
sample with an a(piofl.i8 solution of basic mercuric sulphate in the cold. 
Under these conditions only thVophene and none of, the accompanying 
substan'ces react. The mo,st important of those likely to inlerfero is carbon 
disulphide, and the following figures show that it takes no part in the 
reaction;— 

Thiophene taken . 0'0220 gram = UlO per cent. 

„ 5 phr cent. OSj (on the voluine 

of benzene used). 1'022 grams 1 ■ 10 per cent. 
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'When testing the method witli an approximately 1 per cent, solution of 
hexylene (probably not quite pure^ a trace of a yellow Hub*stanoe, correspond¬ 
ing to less than O'Ol per cent, thiophene was obtifmcd, which suggests that* 
the method may he applicable to crude benzoles. 

Mode of Application of the Method.— 2 c.c. of the benzole under 
examination and 20 c.c of Deniges’ reagent (see below) arc introduced into 
a strong test tube (about x 6") well closed^ witli a sound wet cork and 
placed in a shakifig machine for 3 hours (even without shaking tlie reaction 
goes on to some extent). At the ejid ef that time, the whiie precipitate 
wliich is formed is filtered througli a weighod*Gooch crucible, washed well 
with hot water till neutral to litmus, dried at 110°-115' and weighed. 

The weight of the p.ieoipitatc multiplied, by -0757 gives the weight of 
thiophene contained in the 2 c c. of benzole. 

The composition of the precipitate has been determined by Deniges, aed 
found to»agrec with the formula 2(HgO, HgSO.,) C|ll,S, so that the factor is, 

in this case “ ’0757. (Deniges gives '07.08). 

Precautions to be olxserved : 

(1) Mukinr/ up the Raiyeut .—20 c.c. of pure concentrated H„S0j are 
poured into 100 c.c. of distilled water and 5 grams finely powdered 
mercuric oxide added and stirred until almost all has gone into solution. 
The solutiiMi is then filtered, and can be kept in a stoppered bottle for an 
indefinite time without any signs of decomposition. 

(2) The (looch crucible must be made up afresh for each experiment with 
good fibrous, specially purified asbestos, on top of which is placed a perforated* 
porcelain plate (Kahlbaum's “ pure a.sbestos ” was found unsuitable for this 
purpose). The prepared crucible must be dried in the same way before and 
after usifig. 

On shaking for to 6 hours even with only '02 gram thiopRcne, the 
results are very accurate. WIiAj shaking is continued only for 1 or 2 hours, 
the results are slightly lower: 

2 hours shaking—taken thiophene ; '02211 gram = I'lO per cent. 

' foum^: ,* 02047 „, = 1'02 per cent. 

The results tend to be low to an extent of ijxuit 8 per cent, of the larger 
quantity of thiophene taken, but here again this discre])ancy js of no serious 
practical matter; itiiiatters little whether 0'48 is found wken^O'52 pewcent.^ 
is actually prejicnt; or if DOO per cent, is found when 1 '10 actually exists. 

This method, which has been c.x^mined for the.optimiun conditions of 
accuracy, had led to the follclk^'injr observations :— , 

A quarter of an hour vigorous shaking carries the reaction to ahOutJSO 
per cent, of its course, whilst the next fialf hour cai^eaiit to proceed to over 
80 per cent.: at least a full hour, however, is to be recoufmeuded. ^ 

The employmJnt of larger Quantities of the sample and of. stronger 
mercury reagent led to diminished accuracy and’a great prolongation of the 
time necessary for washing, without any sutfiiyent compeiTSating advantages. 

The. inethod of *t'aolini anil SMeniiaun, based on the use of basic 
mercuric acotate in glacial acetic acid—a mixture which is pasty at ordinary 
tenmeratures - shows considerably .’mechanical ditfiiSultieB •S'hich are due 
mairlly to the nature of the precipitate, which is like a dough. The following 
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mode of workin<;, oiilj slightly ditl'Dreiit fiuiii that of the original workers, 
lead.s to oonsidcrafily more trustworthy rdsiilts. 

Modified Basic Mtrcuric Acetate, Method (Recommended).— 

4 gr&ms of IV'.oliiii and Silbermanu’,s reagent (previously filtered) are 
introduced into a suitable test-tube to which 10 c.c. of the benzene under 
examination are added. The mixture is refluxed in a water bath for about 
\ hour with frc(]ueut shaking. When perfedly amhd the precipitate 
is filtered through a Gooch crucible, washed till neutral with W'atcr, and. 
dried at ]00‘ C. 

The weight of precipitate multiplied by OT-oKi gives the weight of the 
thiophene ni the ipiantity of sainjflc taken. 

E.ramples — T. ll. 

Thiophene taken 1'Ofi I'Ofi 

found 1-01 0-;)9 

The precipitate has a composition agreeing with the formiula 

(oH ,ojig(;-(;iig( ;.,n,,o, 

tl II wher<d)y the factor is 

c.,n,(),.ng(! t;Hg(:.,H,,o., 

\s/ 

obtained ' = •OTblO. 

11 bS-oT 

A considerable iniprovennuit was foutid in the use of water for washing in 
the place of ether as prescribed, but even so the washing tor a single experi¬ 
ment tak(is a considerable time. 

On the whole the modified mercuric sulphate method is greatly to be 
preferred, because a stable reagent is being dealt with, there is notable 
absence of side reactions, it can be carried out successfully without any 
previous practice, and it i.s cap.able of high accuracy. 

Further references of value arc:— 

Deiiiges’ method (gravimetric). 

ftr. 1895, 120, G28, 781, 9(!;!. 6Vr. 1908, 126, 18(18. r,nll. Soc. chUn., 
1898, 19, 7.54. Analyd, 189.5, 20, 188. 

l)imroth’.s method. ^ 

Scbwalbe,./1«-, 190.5, 2208. Liebermann iS: Pleus, Ber. 1904, 37, 2461. 

. ESTIMATION OF CARBON DISULPHIDE. 

^ •' A Gritioal Examination of the Vaiuoub MRTiions 

, usuAi,i,v''E.viri.orKii.' 

t 

Lack of Rudicient information Ms to the trustworthiness of the various 
known iliethods of estimating carbon dis.ilpbidc led Llie authors to examine 
them with regard to their relative value, the conditions of host results, and 
the limits of accuracy of each. 

The followdng methoils have been examined : — 

1. Solutbn ill Alcoholic KOH, and elimination of water-insoluble 

* Tercy E. Spielnmmij Vli.I)., B.Sc., F.I.C.,rtT)d F. Butler Jones, B‘A., A.I.C, 
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•oifg.by extraction with water, followed by subsequent treatment according to 
one oj* the following methwhs; — 4 

(A) CluiiKje in Specijic fri'aviji/. -\]\ the case tf carbon disulpihde being* 
Oilracted from another li(piid siicJi as bcitzole, estimation c^n also be* made 
by measurement of tlio change in speeiiic gravity of the liquid before and 
after complete removal of the by means of alcoholic KOH. 

(R) Oxidation with Brumine. —The 8 ul])hur i.s oxidised to sulphuric acid, 
whfch is then estimated in the ordinary,way as barium sulphate. 

(0) Acidilicafion of the alkaline solution witii acetic acid afid estimation 
of xanthate as cuprous salt oiLhef—(a) voluiiietrical/y, by titration with 
standard (luSO^Rolution, using K^3A!(CN)(, as indicator: or {f>) (jravimefrically, 
by precipitation of cuprous xanthate by excess of CuSO^ solution ; the 
precipitate being either filtered, washed and ignited to OiiO; or, again, 
volunulvically by decomposition by biomiuc or nitric acid, and the copper jn 
solution estimated by a volumetric method. 

2 . PJedipitation by Phenyl-Hydrazine of I'lienyl Hydrazine 
Phcnyl-Su]phocarba/,ide.—(1) The potassium xanthate is ordinarily 
recommended to be prepared by mcaus of absolute alcohol, but experiments 
showed tliat a considerable <|uantity of water docs not inhibit its formation. 
Pure benzoic was freed from (!S., and its spccihc gravity determined by 
means of the speciBc gravity balance. 0‘4 per cent, vol./vol, of CS., was 
thou added and the specific gravity of the mixture was determined. Mixtures 
of alcohol and water were made up containing various percentages of alcohol 
(estimated 1^’ determining the spoeiHc gravity), and these wore used to prepare 
alcoliolic potasli of uniform KOI! strength (approximately 10 per cent.). A 
portion of the benzencA'S., mixture was tlien shaken for 2 hours with (except , 
in one ca.se) half its volume of alcoholic potash. The mixture was then 
washed five times with water, dried Avith calcium chloride, and its specific 
gravity d^tenninod. From a knowledge of the specific gravity the (|uantity 
of (Ifto removed could bo determined. The results are summarised in the 
following table:— 


: Strength 
■' ef*Alc<)liol 

by Voluii)'' 


(l)*i 

96-1 

(2) ! 

89-6 

(3) 

85;6 

U) ! 

77-5 

(S) 

69-6 

(6) 

49-8 

(7) 

.‘!5 8 


48-8 

(«) i 

G-7 


Ratio 

V’’ol. of Benzene 
Vol of Alcoholic 

0 

9 

* ^ 

9 

• 

2 • 

2 

9 

• 2 

0 5 


^Sp. (ir. 
Benzene + 
0 4 jier cent. 

• 0S.J. 


Sp. Gi'. after 
treatment. 


Sp, Gr. free 
from CS^, 


I Per cent, 
joli Total 
I Mixture. 


()-88Gl i 

0 

0-8861 j 

0-88 I 

0-88C1 

5-8862 
0-8865 I 

0 8874* 

(‘)-8862 J 

I 


0-8844 
0 8845 
0-8845 
0-8845 , 
0 8846 
0-8848 
0-8852^ 

•_• 

0-8861 

0-8854 


i 0-88.44 
' 0*S8|4 
} 0-8844 
I 0 8844 
0 8844 
0-8844 
f. 0-8844 

0 884 4 
0-8844 


! 0-45 

l-O--* 

{ 0-4 
0-4 

I *. 


0*25 



• • p ^ 

No*. 8 and 9 do not belong to tlio series l-i. No. 8 was earned out on a 
mixture somewimt ric.lier in carlion d»sulpliide in ordai- to aaftertain what 
({uant^j of tile hitter siibstanee was removed liy alcoholic potash approxi- 
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mately the Kame in .strength as that mentioned in No. (5; othcrwiae-.lhc! 
conditions were ei-actly tlio same as in f.he series 1-7. It is noteworthy 
that the same quantity of^art)on disulpliide* was removed, leaving of course 
a greater quantity tniahsorbed than in tlie ease of No. 6. 

The purpose of No. 9 was to find out whether alcoholic potash made with 
alcohol as weak as 7 per cent, by yob would react at all with carbon disulphide. 
A much larger pi'oportion of the alcoholic sohition was therefore taken (2 vols. 
of alcoholic K()H to 1 vol.'of benzpne-dS., mixture instead of 1:1), au(f the 
actuality of reaction was aubsUuitiatcd. It is seen, tlieref'ot'c, that alcohol as' 
low as 70 per cent, can be psed with siifety' in the jiroportions recommended, 
and that alcohol, as weak as even 7 per cent, by volume (when made into 10 
per cent, alcoholic KOll) will suHice to remove some ()S„ from benzene, so 
that the natural conclusion is that if sufticient treatment is given, alcoholic 
potash made up with almost any strength of alcohol will remove all the 0S„. 

Parallel exi)eriments using alcoholic soda showed th.at its efficiency in 
removing the earbon bisulphide from admixture with benzene i.s equal to 
that of alcoholic potash. • " 



I’or CfMit. (if 
Alcolidl by v(il 

S|i gr. bnforo 
ExItucUou. 

Sp. gr. after 
Kxtraciioii. 

Per cent. (JS.j 
Present. 

l*er cent. CS^, 
Komoved. 

(1) 

ix: 

O-SSoS 

0 ss.'ii) 

0 nn 

o-nn 

(■•i) 

92 


0 88:59 

0 nn 

o-nn 

(■'*) 

8f: 

0 88.-)S 

0 8S;59 

0 nn 

o-nn 

(1) 

(•■') 

79 

o-issr.s 

()-88-il) 

0 nn 


71 

0-H8.98 

0 88:59 

0 nn 

^ o-nn 

(«) 

411 

0'8S(il 

o-88.n:s 

()-(;n 

i 0 20 

0 ) 

:!:i 

0-88{il 

o-Hsne 

0 (i.n 

0 in 

Two check 

exponiiienls u^ln'( alcoholic ^ave 

— 

(«), 

<)G 

0 88ns 

0-88:59 

o-nn 

1 o-nn 

(») 

.90 

o-ssns 

0-8818 

o-nn 

0-25 

1 


(1,\) ahdiu/e in S/H-n'Jtr Gravifi /—The degree of accuracy d(q)ends upon 
that of the specitie gravity mcasnremehts. Tor beii/one-carhoi' disulphide 
mixtures, if the spe(nfie, gravities are measured to the f(jurtl( decimal place 
about O'D.'i per eeut. can be ap|)reciated. 

(IH) Oxidation duth A'romij/p ’—It was already known that this method 
was accurate, and for lliis reason (Jxlianstive experiments were not made. 
It ,was fouiid, however, that two prerautions have to be observed: (i.) a 
good excess of potash must he used in order that plenty of liypohromito 
may be formed with the bromine and that the latter must also he added in 
large excess since a certain (piiuitiA' of ethvl-hnjmide is formed; (ii.) the 
mixture with bromine sho\ild he allowed to stand for at least an hour at 
ordinary temperatiB'e, otherwise oxidation may be incomplete. The figures 
given below illustrate Jie degree of accuracy obtained : - 
“ O.S.. 


Taken. 

()'231 

0-D81 

o'-bsi 


Koinid. 

0 2:10 , 

j Incomplete oxidation due to neglect 
I of conditions (a) and (7). 

0-080 


kAllen’s CoMmcrioat Organk AiiahjHis. Revised edition, vol. iii. pp. 227-228. 
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The authors have not fully Si'ainiiied the metlyid of Stavoriiius,* which 
consists of oxidising potassium xiAitliate with hydrogen peroxide, A pre¬ 
liminary examination showed thii't it oflers little advantage over the bromine " 
oxidation method, and has the disadvantage of ro(|uiring the i»eutral hydrogen 
peroxide, a relatively large quantity of alcohol in the preparation of the sodium 
hydroxide solution, and the necessity for a blank of all reagents for sulphate. 

^l(:)a, Volumetric, method .—method of titration of tho xaiithate 
^Bolution with N/10 (JnSO^ solution was found to give uncertain 

results. Those were ultimately traceiHu part to the ell'oct of excess of acetic 
acid used. With a Large excess of acetic acid, tlufend point was very variable, 
even when care was taken to exclude extraneous substanees such as bonzeue 
from the lifpiid being tifs^atod ; whereas whei* tlie excess of free acetic acid 
was but sliglit, closer results were obtained. 

Tho potassium ferrocyaiiido, which is usually ejuployed as an external 
indicatorp OUhor in drops on a waxi'd jilate or as a spot on filter paper, can 
also be used internally, (’iiprous xanthate is only slowly docomjiosed by 
potassium ferrocyanide, and as the change in tiie colour of the mixture from 
yellow' to brownish is ahf^nt as sharp as the change ii colour of tlie drops on a 
plate, the internal indicator is to be preferred. 

The copper standard was calculated assuming tlic tlieoretical ratio 
Cu : 2(tS., for the reaction. {L’or M/IO (kiS()_^, 1 c.c. O'OOVh gram of CS^.) 


Excess of jicutic acni. 

OS'-’. 

I’cr cout (Ml or. 

Very large 

Taken. found. 

•2.".3 2;i;i 

nil 


-209 

- 17-I 

V 

-m •2.'i.a 

- 71 

Slight 

074 074 

nil 


■074 i -079 

-h (1.8 . 

Very large 

, '128 1 -m:! 

- .3-9 


It will be noticed that whereas the, results in two cases are quite good, the 
majority vferc unsatisfactory ; tho correct results are ])robably to be ascribed 
to cbar\co. lliese tigures are clqsely parallel with tliose obtained by Mr E. 
G. G. AVbceler of the J > E.^^,*]aboratory, during the working out of a method 
of analysis of ben/.olos. Even with the precautions mentioned the method is 
an uifUesirabJc one, both on account of this uncertainty and of^tbe end point 
not being voi’y sensitive. It is advisable that the end poinbsb^uld be (teter- , 
mined by a bjank tost under w'orking conditions. Possibly, th(^ rate at w-hich 
the copper solution is added js an impeytant factor. The quantity of acetic 
acid required to produce slight acidity can be found by titrating a knowr^, 
volume of the xanthate solution with the dilute acetic acid that is to b? usSd 
for acidification, it being found preferable to employ^liUtius or phonolphtha- 
Iqjn as indicator. g • * • ^ 

(1C) h. Gra}^mehric inethod. —As in the case of the titration mctliad it was 
found that the estimation of coppef in the ^A’ceipituted cuprous xanthate gave 
quite variable results, and conditions of preci(^itation ooukl not he found by 
which good accuracy c«itld be attained. The author’s rcvsults agree suBstan- 
tiaily with th^ observations of E. S. Johnson.- , 

sT. Ga^hcUucliiimg^ 49, 8 > Ckem. Zentr., 1916*1, 706, * 

^*Jour. Amer. Cheni. Soc., xxviii. p. 1209. 
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AUhough some of the* actual results are apparently very close to the truth 
it must he remembered that the ♦greatest significance lies in the percentage 
error, and that if the quantities are aliquot part8*whicli liave to bo multiplie*d 
up, the absolute errors may become considerable. It was obser^d that 
rather more accurate results were obtained when the quantity of precipitate 
was small. • 

• In experiments 1 to 12 a known volume of xanthate was acidified with the 
acetic acid, amh the copper solution iftlded immediately afterwards. It was 
thought, however, tliat owing to itSegreal instability the xanthic acid set free 
might decompose to an appreciable extent bcjfore thorough admixture with 
the copper solution could take place. For this reason in the remainder of 
the experiments the xa%thate was added with stirring to an excess of copper 
solution and acetic acid already mixed. 

It was noticed that when a short time was allowed for pri'cipitation (1 io G 
hours) a f*irthor minute quantity of precipitate separated from the filtrate on 
standing. 1". every case the mother liquor above the precipitate remained 
very cloudy for some hours after precipitation, hut became clear after about 
four hours standing, with occasional stirring. Tho coagulation was hastened 
by vigorous and prolonged stirring. 

The reaction between copper sulphate and xanthic aiud takes place in two 
stages: (1) the production of cupric xanthatc, and (2) the decomposition of 
this into cuprous xanthatc and xanthogen disulphide (dixaiithogon) : 

• 2(flS.C.OC,n^) + CuSO, - Gu(S.(1.0G„H,). + 

II “ ' ‘ II “ ” ' 

s y 

Giipric Xanthatc. 

Tho cupric xanthate first formed is a brown body, wliicJi very (|iiiekly 
dbcomrxiwcs into a briglit yellow cuprous xanthate : 

S 


20u(S.C.()0.dG)-==^-'G(y.G.(>(bH.), + S.(1.0G.^ll. 
II • " “ ” II ‘ " 

s s.G.ocai- 


Guprous 

Xanthate 


!i 

S 


Xanthogen 
• Disulphide. 


The above results, both volumetric and gravimolrio, indicated ^hfct thq 
cuprous xaiitiiatc was not and could not be obtained pure, the percentage 
of copper being in most closes too hi^h. A possibly explanation ks that the 
Xftnthate (or etliyl polasBiuiti diUiio-oxycarboiuite) is partially hydroffsed .jji 
the alkaline aqueous solution during extraction : 

SK Siv 


S = C + HOic JS = C,+ CjH^OH. 

\ \ 

OC2H5 OK 

• 

The dithio-o*yoarb'"nic acid (set free in the presence pf acid) would then 
yiejd a copper*,alt containing more copper than the xiftithatc** 

It is unlikefy that the high copper content of the precipitate is duo in 
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all ca.ses to the adsorjitiot; of solublo coppeP salts, siuee the results are hi}>h 
even when these are in very slight e,\ccss; 'but it is very probable that' the 
abiioniially high results obtained, in some cases, with larger excess of copper 
solutioii are at Icis t in part to be ascribed to adsorption. 

The sugg(!Sti<)n that the high results arc due to the formation of CuS or 
CuSO,, on ignition of the xaiithato is contradicted by the fact that liigh 
results are also obtained when the copper is estimated volumotrically. « 
Note. —In order to avoid the pos'sible action of a(pur)u,s .alkali on the 
xanthate and also to prevent the eecapp, of xanthic acid from reaction with 
the aciduied coppcr-sulpbato 'solution, the benzcnc-alcohol sodium hydroxide 
solution was shaken directly with the acidified copper sulphate solution, 
whereby copper xanthate was. immediately fonueA. This mode of pre¬ 
cipitation failed owing to mechanical troubles of collection and filtration of 
the precijiitate in presencp of two such liquids as benzene and water. 

Detailed exiierinieiits were not carried out with the e.stimation of the 
residual copper in solution after the precipitation of copper yanthate, as it 
w.as found that, w hether copper sulphate or acetate were used, the precipitate 
was not very constant in criinposition, so that the remaining excess of copper 
would also be inconstant. 

(2) rreripitalion hi/ means of Pheiii/hhi/ilm::ine —This method has nothing 
to recommend it exccjit as a qualitative test of inferior value. The authors 
ilis.agrec entirely with Hay, whose (jiiantitative method was deiieudent on the 
sparing solubility of the jirccipitated substance in benzene. 'J'hey,found that 
no quantitative results were possible owing to the fact that the so-called 
“sparing” solubility is far too high to permit washing with benzene. The 
'solubility in that liquid was repeatedly dcinon.strated, and after the trial of 
several other liquids, namely, other, chloroform, alcohol and light petroleum 
(the last failing to dissolve, apparently, either the precipitate or phenyl- 
hydrazine, and therefore being useless for separating the two), thoi niethbd 
was finalfy abandoned. 

The methods of Holland and Phillips* m.id of Goldberg‘S have not been 
examined, as they depend on heating the material containing carbon disulphide 
in a sealed tube, in the one case with aipx'ious ammonia and ferric chloride, 
and in'the other with aqueous or alcoholic ammonia. In bgth oases the 
subsequent treatment described is comp,aratively laborious. 

Neither method can bo considered as convenifint or more accurate than 
the extraction as xanthate an/! oxidation of this with bromine. 

Experiments were made to ascertain if a better method of analysis could 
, be sevutod by, moms of lead xanthate. I'liis salt was pj'ocipitated by adding 
a solution of potassium xanthate to an excess of lead acetate solution contain¬ 
ing m^orc than sufficient free acetic acul to nentralise the alkali in the solution 
of the xanthate added. A pale yellow, finejy df.'ided precipitate is produced, 
coi.gufating on stirring into very large flocks which break down on standing 
into much smaller pafti(;les. 

)rhe liquid clears quickly (m‘15(to 20 minutes) if a fair excess of acetic 
acid is present. ' ' i 

The precipitated substa'nce is mainly Pb(SCS0C,^H5)j, but it is not quite 
pure.^ Since it decomposes slowly at temperatures above about 50’C. and 
cannot, therefore, be dried quickly, it is not convenieitt to inakh the direct 
weighing of this sutetance the basis of a method of ana!’’-*" 

* J.S.C.l, 1884, E, 296. 

® Z. angew. Ghem,^ 1699, 42 , 75, 
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The quantity of lead contained in the crude ^recipjtate from a known 
amount of santhate was eatimiAed in two cases by conversion into lead 
sulphate. In each case the quantity of lead sulphate found was about 4 per 
cent, lower than that calculated from the quantity of carboii disulphitfe in the 
xanthate. 

Theoretically 1 gram of lead sulphate is equivalent to 0'5015 gram of 
ct*-bon disulphide (assuming pure l’b(SCS()CjH- 5 )a to bo formed), and this 
factor was nsed«in calculating the folloVmg results:— 

"cSj. 

Wt. of T^ken. Kuuml I’or cent. onor. 

0'2900 -lirid -1.^1 ■ -:!-8 

0-2870 -III^ -ion -4-C 

It was Tound that lead xanthate i.s soluble in certain organic solvents, including 
benzene, etliot, acetone, .and carbon disulphide. A qu.antity of the substance 
ivas prepared by precipitation as above and was purified by crystallisation 
from benzene. It separated from ibis and from otiier solvents in long slender 
needles of pale yellow colour, grouped in star like forms. A brown residue of 
impurity remained undissolved by tbo benzene, but this was not further 
examined, ddie crystals w-ere allowed to dry- by ex])os^ire to air. 

The solubility at ordinary temperature of the crystalline substances in 
benzene, iiT acetone, and in carbon disiilpbidc was determined. 


Solvent. 

T. inpriatuio. 

Soliiliility (<iriuiis iicr 100 


of saUirated solution). 

Benzene 

18-2° C. 

•80 

Acetone 

i 8 -.rc. 

■71 

Canxiii i)isii]plii(le 


■88 


The percentage of lead in*the crystals was determined by dissolving a 
weighed quantity in nitric acid, evaporating with sulphuric acid to remove 
all trace* of nitric acid, diluting \vith water, and adding twice the vplume of 
alcohol. Tht mixture was allowed to stand for 3 to 4 hours, and was then 
filtered through a fu.ocJi^lter,*tlie lead sulphate being well washed with a 
mixture of alcohol with a little water, iguibal atid weighed. 

d'he percentage of lead found w.as 4.5-B .against the theoretical 46'], a 
result suflieiently accurate to prove the composition of the tubstanco to be 
Pb(SCSOC,H,).,. ■ . - . 




APPEKDfX 1. 


SOME CONSTITUENTS OF COAL TAR 
AND TITEIR PROPERTIES 

(“ Ulior scltoiiore mid Roiiijii';i|iarat(! aiis Stoiiikcliltcer ”—^ViDiinii, 
Zeilxi’hriJ! fur iiih/emtii'/li- i^'lwmie, xxii. I. pp. ddS, .’iOl) 


A TliANSLATION 

WITH additionk and otihck modifications 


JiY 

I’KUPY K])WIN SPJI^LMANN 

rli ll (It,lie), It Si . (I..i.icIi,ii), I'M r , ARC So 


J.)r .Spieliriaim lias revisiid the I'ollowin^i; ^\|i]iendi\ since its first 
appearance, wlien circulated flrivately frnin the D.Ji).?'. of 
Ministry of .VI imitions. 




SOME CONSTITUENTS OF COAL TAli. AN4 THEIR 
PUCfPERTIES, 

The three to four hundred substances which have l)een f(iimd in coSl tar 
—of whicli only about 150 have been estimated, and only 90 have been 
definitely isolated —can be divided into a number of classes according to 
theit constitution and behaviour. 

» These are, bri»ad!y, neuti'al bodies, aftid oils, and basic substances. Each 
of these are characterised by the absence or presence of oxygen, sulphur and 
nitrogen, which may form part of the aromatic ring, or be attached to it. 
Further, the fundamental ring may consist of a G-mcmbcred ring, exempli¬ 
fied by benzene, toluene^ and pyridene, whiuli may be multiplied, giving 
naphthalene, phenanthrene, truxene, and others ; of a ri-membercd ring, 
represented by cyclopentadiene, tliiophene, etc., whilijt a combination.of tl*e 
two—coiunaroue, hydrindenc, etc.—is to be found. The 4-membcrcd ring 
is not represented. 

A certain number of loss important substances may also bo identified, of 
which many arc not of the aromatic class of bodies. ■ 

It is remarkable that out of tlic large number of substances present in 
tar, only four have been obtained pure on the large scale, namely, benzene, 
toluene, naphthalene and phenol; whilst of others of which large use is made, 
the xylenes and cresols arc employed in tiie form of mixtures of their 
homologueS ; or a whole .series of homologous hydrocarbons may be used, 
such as those that constitute solvent najilitha, etc. 

Some of the sulphur, oxygen and nitrogen comjiounds are left remaining 
in the particular mixture of hydrocai-bons in which they occur, but others ■ 
have to be removed by further treatment, such as acetone, acotopliononc, 
cumarone, biphenylene oxide, etc.; thiophene, thiotolene, thiocoumarono; 
nitriles, pjrrole, carbozolc, etc. 

The isolation of those coal-tar substances on the small scale ^lay be 
effected by methods used in the *orks, but in addition to the.se, tlie following 
reactions have been employed ; siilplionation and recrystallisation of the 
sulphonie acids or their salts, foll»wed by decomposition of the acids’ or 
their fractionikl decomposition;^ precipitation by means of picric acfH, <and 
decomposition o'" the pierates;'* polyiiicrisatioii and dopolynierisation ; and, 
finally, reerystallisation frfini benzene, jiyridiiie, alcohol, etc. 

li^the follow.iug considerations of the (i-)HO»ieraf riny hydrocarbons the 
latter are best looked upon as bcii^ formed by the union i^f three 
groups, each of wdiich.^iiay. be replaced by one or more groyps. 


jll.,- 

-f'olL 

4 II 4 - 


\ / 

\ • / 

• \ / * 

\ /- 

\ / 

\ r . 

\ / 

\ / 



a,iL 


/\ 

1 1 

a a 

1 r. 


1 .1 
1 1 
\/ 

1 

1 1 
1 1 

c 

1 1 
\/ 

a'l 1 's- 

> 

1 

1 

\ V 

/ \ 


a 


• \_/ 

BMi/offe ' 

• Niiplitlialcnc 

• PliciiaHtlirunu 

Trii'hiiiylene 

‘c«h;. 

^^10^ 8 

(.' 14 HJ 0 



-- ^ -- 

‘ Koike, Her , 19, 02. * ' “ Kaacliig, 1). It, 1’. 111,975. 

’ A.-G. far Teor- iiiul Erdol-Iiidustrie, D.It.P. 63,792. 

I3T 



las COKE-OyKN AND BV-1'KODUCT WOKlfS CHEMISTRY. 

The following, details should be noted in coiiKectiou with systematic 
nomenclature. Tlie termination -eue (belizcnc, toluene, etc.) is reserved for 
the ohcmioally pure substance ; -ole (benzole, tolnole, etc.) for the commercial 
product; -«/ is the tJerman termination for both of the above classes of sub¬ 
stances The latter is objectionable as being unnecessary and also in causing 
confusion, as it is properly reserved for tlie alco/m/ group (pbenof, not 
phenofr). , ' 

Benzenfi— C, H~; b.p. 80-.3° 0. s.p. fi -18° C.; speciftc gravity (15-5° C.); ^ 
0’88.')—can be obtained liy washing a-product, chosen for its purity from 
paraffin, with a small ijuantiby of strong ll.jSO,, in order to remove thiophene. 
Complete freedom from p.arallin is unusual. 

Benzole —The pure bem.ole of commerce, !(nown as “ crystallisable 
benzole,” specific gravity (15’.5°0.): 0 881 (average); b.}). 80'.T C 

(vO'25)°C. (average); ,s ]). .5°C. (averagfi) -still contains thiophene and 
carbon disulphide as well as traces of toluene, paraffin, etc. ■ ■ 

The (juantity of tlnopbene in lienzole, according to, V Meyer,’ i-eaches 
0 5 per cent., “since benzole contains 0 2 jier cent ol sulplmr.” 'riiis is 
incorrect, as Moyer ap])i.rently took no account of the content of carbon 
disulpliidc in benzole, whereby tlic ipiantity of thiopliene is caused to bo 
estimated much too liigli, since bis inctliod of analysis, by beating six days 
with finning nitric acid, causes carbon disulphide to be attacked 

Tlie content of tbioplioiio in benzole can be ascertained by titration by 
Deniges’ method,- which is based on the jieculiarity of thioplieii|i to become 
added to basic mercuric sulphate; but Dimrotli” probably obtains more 
accurate results by employing mercuric acetate, even though .Scliwalbe,' who 
finds that Deniges’method gives rise to a precipitate even with tbiophenc- 
freo benzole, states that Dimroth’s method also gives too high results. 
Schvyalbe recommends a. calorinietric comparison with known mixtures of 
pure tlnopbene and pure benzene.’’ The proportion of (liiopherte in this 
quality'of benzole seldom rises above O'.'i ])er cent. 

Usually only a qualitative te.st for thiinpbene is made, by iiie.ans of the 
indopheniii reaction (isatine and siilpbiiric acid) and by the Uiebermann 
reaction (concentrated sulphuric acid containing nitrous acid)” , The first 
reaction is considerably the sharper.^ , 

Thiopliene-free benzole is also an articln of coiiimiiice, and is obtif.ncd by 
thorough washing of the ordinary benzole with sull'ihuric acid. 

The quantity of carbon disiilpbide present in pure benzole seldom roaches 
0-2 per cent., tiince the carbon disiiljibide is known to react with ammonia 
to forin ammonium thiocyanate and ammonium sulphide, and also with 
alcoholic potash to form potassium xantliate, these reactions can be employed 
for ifs removal from tke benzole. The last iiamvid method can be employed 
<tpr qjiantitative estimation by titration with ePpper sulphate, or by difi'erence 
if. specific gravity found before and after the extraction. “ 

For many purposes,the presence of carbon disulphide is of no importance; 
but when benzole' is used as it sa’vent during chemical reactions, attention 
must bt given as to whether carbon disulphide will be barmfeil or not. 

‘ her., 16, 1465: * Biijl. Sue. rlum , 15, 1064 ■ diimjd. rend , 120, 828, 791. 

£er.,S2,65S. » (,'Actii./ fti/., 20, 89.5. < 

^ See also Spielmaini and Sehotz, Joiir. Soc. Ohem. Ind., 1919. 

«£«•., 16,.) 473;'20, 3231. 

^ Schwalbe, her., 87, 324 ; and Lieberiiia'.in and Pleiis. her , 37, 2?ul 
• See also Sjiielmann and liiitler Jones, ,l<nir. ,'loc. Chem, hid., 1919, 
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, Commercially pure boazol is the raw material for tlie prcjfliiction of mono- 
and dinitro-benzene, which finds eyijfloymeut as siicl^ or after rednotioii; also 
of the mono- and di-sulphonic acids, from which phenol and resorcinol are 
produced synthetically. • * 

90 % Benzole.—By far the greater quantity of benzole, however, is not 
obtained as the commerciaHy pure substance, but as a mixture with about 
J5-2?) per cent, toluole and some xylole. In thisi form it is employed as a 
Solvent for oxtracijio'us in the linoleum .and varnish industries in rubber 
nllanufacture; for extracting fat from, boftes; as fuel for stationary and 
automobile motors; for carburetting coal and wllter gas; and as a burning 
material in specially constoicted lamps (Denayrouze patent). 

“Standard” Benzore, distilling 95 per tent, at 90°C., including not 
more than 7 o.c. below 80° C., is a (piality demanded by the (loverument 
under conditions of war. A li<]uid of this charactoii contains 7 per* centf 
toluene, aBd“is suitable for the same purpose.s as the 90’s benzole. 

Benzole, as well toluole and xylole, affords an oicellcnt means for the 
removal of water from other bodies, and is employed in the determination of 
water in tar, naphthalene, cellulose compounds, butter, sausage, etc., also in 
the removal of water from alcohol. ^ 

Toluene—OjHjCdlj; b.p. 110'8°c.; f.p. — 9‘2’4" C. ; specific gravity 
(15'5° C.): 0 872—can be obtained from certain makes of toluole, in the same 
way as benzene from benzole. 

Toluole-,-commercially pure: b.p. IIO'S (+’25)° C. (average); f.p. 
-90°C. (average); specific gravity (15’.5°(!.): 0-870 (average)—contains 
traces of benzole, xylole, paraffin and thiotolouo. The latter can be 
identified by the LauVicnheimor action, for which the following procedure 
and proportions are to be recommended3 c.c. of a concentrated solution 
of p^ienanthraipiinone in glacial acetic acid are [loured into a cylinder pon- 
tai.iing 10* c.c. of the toluole to be tested. 1 -5 c.c. of strong sulphuric 
acid are added, and reaction is continuously brought about by gentle iSiaking 
under a stream of cooling water. •9’he formation of a green colour indicates 
the proluible ])rcseuce of thiotolene. This is confirmed by careful dilution 
with c.c, of water, cooling the wlfile, removal of the top layer and shaking 
out the lower 4acid) layer, with an equal volume or more of ether. * The 
upper other layer will becomg colov«-ed like bluish red ^vine. It is important 
that no appreciable heating takes jilace during the reactions of the test. 

Toluene is employed in the explosives industt-y (trinitrotoluene), in the 
preparation of toluidine, benzyl chloride, benzyldehyde, sacchaijne, etc., and 
iji the synthesis of indigo. Toluene free from thiotolene is al*o an iudhstt-ial 
product. ' . 

Xylene,0|.H^.(CH.,).„ exists in three komeric forms: wf/( 0 -,b.ji. 142-14^°C.; 
m.p. -28 to -28-.5°0.; sp.gr.*(1545°0.): 0'8682; meta-, b.p. 139”C.; m.a, 
-54-8°C.; sp. gr. (16'5°C.): 0-8691; para,-, b.p. 138-5°C. ; m.p. 15°C.; sp. gf. 
(16-5° C.) ; 0'8661. The three isomers occur in goal t^r i?i somewhat varying 
pr5])ortions, but the following may bo take* aJ average. ligdVes (after the a#id 
washing necessary for purification) i 10-10 j)er cent, orthoxylene, 70.^75 per 
cent, metaxylene, 20-25 per cent, paraxylenc, 

Xylole—b.p. 138- I ;3° C. fas nearly as possiljle); sp. gr.^l6-5° C.): (^-866 
(avQ^ago)'—consists of mixtpro of the throe isomers containing about 60 
per cent, meta-tiylene, 10 25 per cent.,ortho- and para-xylene, together with 


‘ .S. young D.K.P. 142,502, 
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ethyl benzene, and snialler quantities of triinethyl benzene, paraffin,' and 
thioxene. ' 

Xylole is used in the preparation of nitro-xylene, and is employed in a 
small (juantity .for the removal of naphthalene stoppages in gas pipes. 

The separation of the three isomers can be eff'ected by the formation of 
their sulphouic acids, whereby the racta-compownd is more easily obtained 
(and is thoreforo the clioapost), whilst the ortho-couipound is the most dillicult 
to obtain pure. 1’ara-xyletie solid'ilies at +15°(!., andr can therefore be re. 
moved by repeated solidification. ' 

No satisfactory method for the analytical determinations of the three 
isomers has yet been w’orked out. An indication of the composition of xylole 
can bo obtained by conversion into a mixture cfi xylidines of known com¬ 
position ; but this method is troublesome and only applicable in certain 
eases.. ^ 

The presence of jiara-xylole can be ascertained by treatment evith small 
quantities of bromine, whereby ]iara-,\ylene bromide is precipitated.^ The 
method can be made to yield more exact results than those obtained by the 
authons. . 

The method of determination based by Levinstein - on the fact that meta- 
xylcno is not attacked by dilute nitric acid, and para-xylene is not attacked 
by concentrated suljihuric acid, is not applicable.® 

Ethyl Benzene—(l^H^.C.iHr,. ; b.p. I.‘i5'7°0. (cor.); sp. gr. (1.5'5°c.): 
0-872-- was first found in tar xylole to an extent of 10 per cent. b,y Nolting and 
Palmer,■* and was later obtained in larger quantities from the mother-liijuor of 
para-xylene sulphonic acid, by Moschner.-’’ 

It occurs together with coumarone, phenol, and ethyl phenol during the 
dry distillation of para-coiiinarone, when loss of oxygen occurs, and reduction 
of the coumarone molecule results ; it can also be obtained from the dis¬ 
tillation jiroducts of technical coumarjiie resin.'’’ Para-iiidene gives no ethyl 
benzeift). Ethyl benzene is characterised by a well crystallising penta-bromide, 
m.p. 136° (1. Ethyl benzene is not preseirt in tar in any groat quantity, and 
is not easily prepared from it, so tluit this source cannot compete with its 
synthetic production from bronio-benzenm, ethyl bromide and sodium. 

Trimethyl Benzenes, (-!,jHj(flH 3 ),.—All throe trimetliyl I'enzcnes are 
present in “tar cumene,” and eonstituta a portiop of the solvent"naphtha 
fraction :— ‘ " 

Mesitylene—(1 : 3: S), b.p. 1G4’.')° C. (cor.); sp. gr. (15° C.); 0'865— 
was firtit ideptified in tar by Ernst and, Fittig," and was first separated directly 
froxn fit by,.Ja&obsen.“ Tliis substance, and particularly He^nelUihol —(1: 2 ; 
3 :), b.p. 175° (!.; sp. gr. (15° 0.): 0’901—arc very difficult to prepare. The, 
latt^er was first isolated 10 years latw by Jacolwcn." 

Pseudocumene—(1: 2 : 4), b.p. l(i9-8” C. (cor.); sp. gr. (15° C.): 0-888 
t —also identified in tar for the first time by Ernst and Fittig,*® and also first 
separated from it by Jacobsen,ii is the most abundant of the isomers, and the 
easiest to obtain‘pure on aocOum'’ of the sparing solubility of its'sulphonic 
acid ii» sulphuric acid. ' o 


Radziszewsky'nnd Wispek, /?rr,, 18, 1280. 
® Ber.y 17, 444. , 

‘ ifer., 24, lO.tS. 

' Kramer »jid Spilkfr, Bcr., 33, 2267. ' 

" Jacobsen, BeT.*%, 2.66. 

Liebitfs Ann., 139, 184. 


^ Reuter, .Bet., 17, 2028 ( 18, ‘2268, 2274, 
“ Be^., 34 , 1201. ' 

’ Liebig’s Ann., 132 , 184 . 

“ .Ber., 19,2611. e ' ' 

u Ber., 9, 266. 



APPENDIX, 1. 


141 


Tfio majority of the arpmatic hydiocarbotis boning irora L'lU-'A'M' C. have 
not beefi identified, init the follovvingihave been found*— * 

Cumene {Isopropyl Benzene),'C,H,CH(CH,,).„ b.^. 152-5-153” C.' sp. cr. 
(0" C.); 0-8587.1 s o i a/, r ^ , p b 

Cymene (1-Methyl 4-lsopropyl Benzene), CH^.C, b.p. 

175“ 0 ; sp. gr. (0”C.); 0-87.23. 

^Durene—(1; 2: 4: 5-Tetramethyl Benzene)—C,llj.(CIIj).i; rn.p. 80- 
^rC.; b.p. 196°p-—crystallises in white scales and" possesses a' faint 
ftuorescence. 

A use in the pure state for all these hydrocasbons has not been found, 
except for pseudocinnene in small (juantities; but in a mixture which contains 
greater or less quantities V xyleni^, they consljtuted two grades of solvent 
naphtha, that distilling "90 per cent, to 160°, and that distilling 90 per cent 
to 175°. 

There ^ iin appreciable industrial demand for such a mixture, particu¬ 
larly for chemical cleaning, in the preparation of ordinary varnishes, and in 
linoleum factories. Kbrtlier, an addition of 5 to 30 per cent, of it is recom¬ 
mended in burning oiP; and more recently, attempts have been made to 
employ it as an explosive."' 

Finally, amongst other honiologues of benzene the two following substances 
have been obtained from tar, though with considerable dililculty :— 

Phenyl Benzene (Dipheuyf), (fV,ll,r,b; m p. 70-71°; b.p. 254° (cor.); 
sp. gr. 1-165.'’^ It crystallises in large colourless scales, and dissolves readily 
in alcohol and ether. 

Venyl Benzene (Styrene), C^lTdlll^CHo, still liquid at -20° C.; 
b.p. 144-145“ (cor.); sp. gr. (15° C.): 0-907.". 

Sulphuric acid causes the formation of molecular compounds with toluene, 
xylene, etc., which can be distilled without decomposition. 

• It must be remembered when considering the employment of solvent 
naphtha, that its smell is of greater importance than the presence of tiaces of 
chemical impurities, such as unsat^iratod hydrocarbons, which might exert a 
disturbing influence, if, like benzole, it is to be worked up furtlicr. It is, 
however, misleading to judge solvent ijaphtha by its smell alone without taking 
into consideration the sulphuric acid test—sulphuric acid test and odoirr do 
not go pa’-allel with one another. , 

These light hydrocarbon* %.ro appreciably affected b^ atmospheric oxygen, 
which acts by autoxidation slowly or with extraordinary energy, depending on 
the ch^nical ooiistruotion of the substance. Particularly is this so in the case 
of unsaturatod hydrocarbons, such as ihonu- and di-cyclopentadiene, styri^ie, 
and indene, which unJergo autoxidation to such an extent thaf it is very 
difficult to obtain them in an (jxygen-free^condition for ii.ialysis. 

Atmospheric oxygen also affects the partially hydrogenised hydrocarbons, 
such as hydrindene, hydronaphthalcne and the like, to a degree, thalf alj 
these siibstances'can only be preserved in a sealed glass tube. To a less, but 
stilj marked degree, this reaction is al.so^showOi by*the.more completely 
saturated substaijoesysuoh as pseudecumeno, the xylenes, toluene, ai|^, to* a 

' Schultz, Pf-rl ar(l Szeleby, Ber , 1909, 3616. 

Sell size, Ber., IS, 3032. 

= Plehn, D.H.P, 66,988. • 

* Sclmlfe, English Patent, 19,665 ; qjunpare Chem. Ztg. Ikp., 1908, 254. 

" Buclmeiyj^er., 8, 22; an4 othens. • * • ^ 

“ Berthelot, Ann. Chim., 1867, suppl. 6, 867. 
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certain extent, oven benzene. The chau^os wiiic^i all these undergo ’when 
standing in air,'particularly in the preficnco of light, arc most easily traced 
by moans of the sulphuric acid reaction,' which is rendered the worse the 
further oxidatipn has proceeded. 

It has been shown ’ that in certain cases, 1(> per cent, of oxygen may be 
absorbed, accompanied by the formation of acids which can be extracted. 
For example, benzoic acid has b(!cn isolated from toluene; whilst fronx^para- 
xylene there has been obtaiiicd piiro* toluic acid, identified l^y its melting point/ 
17{) C., arid by analysis (found.: carbon, 70*6 per cent.; hydrogen, 5*81 per 
cent.—ealculatcd : carbon,* 70-59 per cent.; hydrogen, 5-88 per cent.) 

If ozone be passed through beu/.ene, the escaping vapours are strongly 
acid.- „ / 

The multiple. hydrorarbous with and without external groups 

^pnitipg two or nmre rings, constitute a most important class. 

Naphthalene —idylls, H.p. 79-6-79-8"C.; b.p. 218°(!. ; specific gravity 
(15° (\): 1*1517 (comp. H^O at is peculiar in its high volatility and its 

capacity for dissolving large quantities of air when molten, which are given 
up on solidification. 

As put upon the mai'kct, it is almost chemically pure, and for special 
purposes it can be prepared absolutely free from traces of phenol. Its 
estimation can be made by means of its picrate.^ 

Naphthalene is employed for the prciparation of phthahe acid , ^ by heating 
naphthalene—as well as phenanthrene or anthracene—with sulphurie iicid at 
200 C., with or without the addition of melallic compoumfs, particularly 
mercury; it is also employed in the preparation of nitro-naphthalene, 
naphthylamine, naphthalene snl|)honic acid and naphthol, as well as their 
derivatives, such as zinc naphthalene sulphunate,^ and magnesium naphtha¬ 
lene sulphonate,** which are employed for the preservation of wood. 

Formaldehyde and methylal react with napiitlialonc, formingb dina])atbyl 
metha:ie.^ More recently this reaction has been taken up for the preparation 
:)f artificial gums.*^ Unfortunately these*-gums are not soluble in spirit, and 
therefore cannot completely take the place of shellac. 

The dye and chemical industries (jnly take up a portion of naphthalene 
>btafined, so that other means of utilisation have to be searched* for, such as 
;he substitution for pitch in the production of brhpiettesfor (extraction 
purposes, as in the calse of waxes and asphalt, iii the place of benzole and the 
[ike,^® and particularly as piotor fuel. 

Unlike naphthalene, the two Methyl Naphthalenes— a-, 
3 .p.22“ C.', b-p. 241-242° C.; specific gravity (19° C.): 1-005 ; m.p. 
32‘5°C.; b.p. 241-242°0.—arc very expensive materials. The a-compound 
s a colourless oil, pof^icssing a high j-efractive ^.idex and a marked fluorescence. 
rh‘e ^-compound somewhat resembles naphthalene in appearance. They 
wele first prepared from tar in the crude state by Schulze, who obtained 

1 Weger, Ber., 36^ 309. 

■- Houzeau aiij Jienard, Colhpt. 76, 572 ; Lieiig's Ann. 170, 123 Leeds, /ier., 

16, 975. , . 

“ Rnublaucli, Jour. Gasbeleuchfung, 191C, 61, 184, 145 : Jour. Soc. Chem. Ind.. 

1918, 37, n. 68 a. 

* Bad. Anilin-'and Soda-Fabnk, D.R.P. 91,202. ' ^ D.R.P. 118,191. ' 

■* D.R.P. 160,110. , z Orabowsky, A'e;*., 7, 1605. ' 

* Euglish patent 16,246, of the Bad. Anilin- und 'Soda-i'abnk ; Chom. Zlg. Jlej).', 1908, 

326,; D.R.P. Anm. of the same works, B. 46,200, Kl. 12 ' 0 . 

* Buss and Folit, D.R.P. 186,396. ■ 'T' 

, “ Kohler, D.R.P. 204,256. « Ber., 17, 842. 
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-methyl naplithalene by fracliiuiiating tar oil boiling 239-242° C. (which 
tlcad previously been freed from a^id and alkaline *comp(Amds), freezing it, 
filtering on a auction pump at 0°4J., and recrystallising the solid portion from • 
alcohol; whilst the a-methyl naphthalene was prepared by the further 
cooling to -115°(J. of the lii|uid portion from the above filtrate, and the 
removal of the crystals of the ji ^ compound. 

flitid methyl naphthalene had previously been obtained from tar oil by 
^ lleingruberbiit^ according to its chemical behaviour it was neither the a- 
nor the /? - compound. . 

(Ireosotc oil of commerce distilfnlg mainly, 200-300“ C contains about 
6 per cent, of these substances. 

Dimethyl Naphthalenes, C,„n„(CH,).„^were detected in coal tar by 
Ernmcrt .and lleingruber ^ and can be obtained from the fraction boiling 
260°-2().5° C., or from the solid hydrocarbon mixtures which can be separated 
from tbij, l,iy sulphonation of the niateiial and snbSoquent decomposition of 
the snlphonic acids.“ 

1 :6— Divifthi/I Nuphfhah-ne, b.p. 265° (I, is an oil of faint odour. 

2:6— „ „ m.p. 109-110° C ; up. 260°-261°O. ; and 

2:7— „ „ in.p. 96-97° C. ; b.p. 262° 0., both crystallise 

in leaHcts. 

-(!J1,, 

Phenaijthrene - ! I m.p. 96”(i.; bp. 310°0. (cor.),—is 

OH---::1-^{!1I 

pre.scnt in coal tar in cousidcr;iblc quantity. It is easily soluble in benzene • 
hydrocarbons {,an<l c.arbon disulphide), and by this means can be separated 
frop.i antlu'acene and carbazole which boil at the same temperature ; from the 
hitt'er it eaii be separated by fusion of alkali, which with carbozolo forms a 
compound, but not iihonanthreue. In order to remove the last quairtities of 
anthracene—about 3 per cent, idnch cannot bo separated by re-solution— 
other method,s have to be eiiqiloyed, whereby the pure product is put upon 
the market containing less than | per cent, of anthracene. Oxidation yields 
the ch.aracVu'ijtic phenanthraqninone. Kstiniation, see Hildebrand, BBesson, 
and Beciie.'* • 

Tt is formed pyrogenetlcBlly from 9-ethyl or 9-mefliyl fluorone^ according 
to the formuhe :— • 

7 7 
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* Lu'Miifs 206, Ojr*- * ^ Ibid., 211, 360. 

® Gem fur Te- rverwertuiic : D.lt.P. 30,1079, 19115. • 

< Jom-Ohem. Soc., 1917', 39, 2301 ; Ibid., 1918, Abstract i., W. 
‘ Grisbc?.Ber., 37, 4146. 
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and by many other pyrogenic rcactioiiH. Ii^iterestin|^ and typical is that' of 
Kramer and Sj)ilktr ^ fnfm coutnaronc anrj benzime : 

tVi;o + 0„H,, = (:„H„;+H,0 + H,,. 

It consists of colourless scales, when cryatiilliscd from alcohol, showing a 
faint blue Huoresccnoo. 

I’lieiianthrone and its derivatives have been employed in the dyoVork'j to 
only a limited extent, but it is imt impossil)le that demaivl will increase, as 
the opium alkaloids (morphina, codeine, thobaino) arc phonanthrono 
derivatives. Attempts ha.'e been made to utilise phenantlirene by its 
addition to gum resin “ and as an addition to ])arafhn.“ 

Retene, (b lso])ropyl H-M/'thyl I’henanthrenc)-^ 




(111 (IH 

s.p. llO-Dr)" (!. : m |). !)8-9S)° (J, ; b.p. .‘150" C.—found in coal tar by Kraus ^ 
and in wood tar."’ It folms shitiing scales of no odour, atid volatilises slightly 
at ordinary temperatures. At reil heat, it yields a considerable quantity of 
anthracene. 

The last member of this seric.s is TriphenylenC, CnH,.^, which has not 
yet been identified in coal tar, but is certainly jiresent in it. 

It occurs as a by-product in the jireparation of dipheuybfrorn bromo- 
benzene and sodium ; also by heating benzene to a high temperature'’; finally 
from dodekahydrotriphcnylene, by distillation with zinc dust, or over copper 
(Sabatier): the substance results from the condensation of three inolocnles of 
cyelohe.'i.anone.’ 

.Another series of wliieli we only know the highest member (since* the 
lowest are so labile that they immediately change into naphthalene ail'd 
benzene) is anthracene. 

"■ CH 



c;.K. 
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< > 
\/ 


CflH 4 = Antliiacfiiie. 


CII, 

CH 


C,dT4 


/ \ 

^ C.2H4 = Naplithaleiie. 

\/ 


ClI 

CH 

,/|\ 


C 2 H.^<(^ ^ CjHjs Benzene. 


CH 


1 Ber. 23, 85. ^ Drelie, D.R.P. 113,233. . * Lew^', D.K.P. Anm. L., 24,443. 

* Ann. Che.m. Plmrm,., 106, 391. ' Ekstrand, Liebig's Ann., IK, 76. 

• *‘Isochr)oene’) oPScIiiiiiilfc and .Schult2, Liebig’s Ann., 203, 136. 

^ Mannich, Ber., 40, 153 and 159. 
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• ihc coiiiparisou of tjjese thres structural formiilio is instructive, but it is 
uuusUal to represent benzene in thii form of a bridged rinj^. * 

Compare also : ' • 

^CII : CHx^ 
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Anthracene— C, I Hj„, m.p. t'lir C. ; b.p. 360" C.—was first found in coal 
,tai*by liiitzelioin 1,^57. It is formed pyrogenctieally from a largo mimbor 
of very ditlcrcnt substances, such as toluene, benzene, styrene, ti»rpentine 
oil, petroleum and others. Of p-.ij-ticular interest is its synthesis from toluene- 
styrene (phenyl toluyl ethane) by Kramer and Spilker : ‘ 


CH, 

Oil** /on 

(;,di,/| (!,ii, = c„ii, i:.ii, + cii, I II.,. 

CH.,/ , \(;h/ 

Anthraceife dissolves with ddlieulty in almost all solvents- for instance, in 
benzene l'8fi per cent., in ctrbon bisulphide 3-,IS pci cent., in hexane^0-57 
percent. In the pure state, it con*iists of flakes showing a blue-violet, flurjr* 
esoonce. Its p^crate, Cj|H,||.C|.,H 2 (NO._,),OIl, m.p. 170°, is easily decomposed By 
alcohol, water, and sodium liydroxide solution. , 

• In the sunlight | solution of anthracer* is'convex„„„ ,..„o piira-anfhratene 
(t^i 4 Hi(i) 2 > f?iven variously as 2?A°, 244°^ 272°-274° C.,- which is Still less 
soluble than anthracene. According to Luthe and Weigert,® anthracene 
is convertedjby suviba'it, both in solution ancl also in the solid state, into 

> Iter., 23, ;f26S). , • 

- Grahfer and Liebormann, Lteli!(/'s Atm., 1870, Sui^il.^ 7, 2tfi. 

” Chem. Aeiitralb., i904, 2, 117 ; lOO.'i, 1, 1152. 
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dianthn^cene, which, in the dark, cliangcB back into anf.hracene. Chromic (tcid' 
oxidises anlliracene to the very characterirtic anthraijuinone. This reaction 
'can bo emjiloycd for (jnanlitivc doterniination, and is one of the most exact 
that dxist in oi’f^anic ctiemistry, Ttic mctliod as described by Luck is tlie 
most applicable. 

Anthracone, however obtained, is seldom uior? than 30 per cent, pilre, 
and its pnritication can be carried out in a number of ways, alli of 
which are based primarily on the.removal of carbo?ole „ (,;rude anthracene ^ 
is washe.l with pyridine, (jninolinc, or,aniline bases in which carbozole is 
more easily soluble than anthracene; also mixtures of the above mentionod 
bases with benzole can be employed.' In this way a substance of 80 per cent, 
purity can be obtained. Oleic.acid for the same pufpose load previously been 
proposed - also liquid sulphurous acid,® and acetone, mctb 3 d-clhyl-ketonc or 
ao^toim oil * 

The separation of anthracene from carbozole by distillation from potassium 
hydroxide has Ion;; been known, but is accompanied by much loss. Distilla- _ 
tioii over potassium hydroxide in vacuo and rece|)ti(m of the distillate into 
ba.sic substances dimimshfs this loss this can also be diminished by meltiii}' 
crude anthracene, and leaviiifj; it to crystallise partially; then melting it 
with potassium hydroxide at 2C0'', at which temperature a double layer is 
formed, consisting of the potassium hydroxidc-carbozole compound and the 
hydrocarbon ; finally, phonanthrene is lemoved by benzene.” In this way 
85-9.') per cent anthracene can be obtained. 

Carbozole can be separated by conversion into nitrosq carbozole by means 
of nitrous acid, which is soluble in benzene," or by treating a solution of 
anthracene wdth concentrated sulphuric acid wdiich combines with the 
carbozole.® 

To obtain a perfectly pure anthracene, further crystallisations must in 
all cases be carried out. Its most important use is in the production! of. 
alizarine. 

fi Methyl Anthracene, m.p 207" (cm-.), occurs in tar,® but can much 
more conveniently bo obtained from xylene-styrene, by the synthesis of 
Kramer and Spilker.'® , 

Xylene Styrene (Benzyl Xylyl Ethane, or a fj-toluyl phenV'. propane) 

—Cll 3 .CH(C 5 H,,).ClT„G^H,(.lld 3 ; b.p. 30Q°(I. with slight (lecomposition; 
sp. gr. 0 987—is formed in apjireciablo quantitm.i Irom coal tar xylole and 
styrene (which boils at the syiiie temperature) under the condensing influence 
of concentrated sulphuric acid during the wasliing of crude xylole. It ctiiisists 
of a somcwjiat. thick oil, a /3-1’heiiyl'ortho-toluyl propane, prepared from- 
pure ortho-xylene and styrene, boils .at 316- 317° (cor.); the ipeta-coniiioimd 
at311-312°C. (cor);,a.iid the para-cpmpoiind at 302-303° 0. (cor). When 
.the vapours of tie se substances are supcrlicaled, metbanc and hydrogen are 
split'oft’and moiio-metbyl atilliracenc is formed. 

t 

' A.,(J. fur'rcor-*ini.'I Rrdel Imiustne, D.Ii ]\ 4-2,011!.. 

“ Iterny and Ei-liait, H.'rl I’. 38,417. 5 

KarUiMifabrikpii, verniriL , Fr ,H.iyei' k Co., ]).U.I’. 48,474. 

‘ n.Il P. 78,861 

® itU r. 178 764 of the, .\.-fl fur Amluitihrikation. 

1 A.-C. fur Teel--' mid F.rdol-Industrie, n.R.l’.,lll,369. 

’ Wirtli, 1).R.1M-22,.'182 
* VeSeh and Voslock, T1.K.F. 161,608. 

” .Ta'iq) lO'd .-^elmltz, AVr., 10, 1041). 



APPENWX I. 147 

■ The ortho-compound gives l-h)ethyl aiithracene,and the mcta-apd para- 
compouuds 2-mothyl antliraceno aooording to the formula ; 


un • / un \ 

CA/i (;„H,.CIh, = CH,4li, + C,,H, I (VI,.(!1I, 

«>.,/ •; /xCii/ . 

' • 

• 

It is obtained from hot alcohol in the form of very bright light yellow 
needles; and by subliinfition, of greenish scales. It is easily soluble in 
benzene, carbon bisulphide, and chloroform. * 

Iso-Methyl-Anthracene has been obtained by Bornsteiii ‘ from a non- 
bitumiuous Westphalian coal tar. It shows a vi 8 let-blue fluorescence in 
ordinary organic solvents. It is obtained during the reaction of iorinaldchyde 
and toluene.''* 

Dimethyl Anthracenes, C,., 11 ^( 0113 ),, have not yet been identified in tar, 
but are certainly present in it. They can be obtained from pseudo-cumene 
styrene (phenyl xylyl propane) by a synthesis similar to that described above. 

A combination of more than three C-mcmbereil rings gives rise to chrysene, 
pyrene, naphthacene, naphthanthracene, and picene. On account of the 
high boiling point of these substances they are not obtained during tho 
ordinary tar* distillation, but form a proportion of the considerable number 
of substances, still quite unknown, which constitute pilch, 

Pyrene— (!H=C1I 

c„H 3 --c,di; 

CH=CH; m.p. 148° C.; b.p. far above .ICO" (J.—was found 
together with chrysene by Orafbe.^ It is obtained by extracting pitch- 
distillates with carbon bisulphide, evaporating, dissolving the residue in 
alcohol, lyjd precipitating as picrafe, which is recrystallised several, times 
and decomposiJd with ammonia. 

It forms colourless t-dilcjs, whi’ch dissolve easily isi the ordinary solvents, 

Qirysene— C„irj—(l,„llc 

(!hl :;_= 01 I ; m.p. 250° C. ; b.p 4.30" C. - was^ir.st found in • 
coal tar by L'aarent.'’ It is tho only one of these snlrstauces of which the. 
preparation in considerable (jTiantities i* not too difficult. It can he obtained 
from tho residue after tho carbon*disulphide extraction in the preparatiaif' 
of pyrene; hut,it is better produced not directly from tar, but by synthesis 
from simpler con.stituoiits of tar. When piire^ 14 is qaiti?white. 

• According to Krjmer and Spilki;!''' chrysene is foniiod when the vapours 
of a mixture of dbumarone and naphthalene arc passed through a red-liot pipe, 
according to the formula CglljO+ C,„H 3 = OjjH.o-P ll^O. ^ Also, when the 
vapours of in^eue are -i.|jorfie''ted, hydrogen splks oti' and chrysene is fortnod.® 


> Ba-., 39, 1268. 

% Liebig's AnfiC 1^8, 285. 
Ber., 23. ^4 


•- Gross, J. praH. 1^0, 82, 231. 

** Jnnaks <le Vhitn., 6^. 

” Kramer and Spilkcr, Ber., 26, 1544. 
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It is l)ehyt itruparod by superheating tlio va])(furs of ceiitain higli Ixiiliiig bodies 
from tlio heavy naphtlia fraction in an iroij tubc at low rod heat.^ 


, ^CH^C-=-CH, 

Naphthacene, Xyi,i ui.p. 335’C., and 

\CU=C:-=-CII' , 

,OH^ 

Naphthanthracene, ' I , 

■ t;i[' in,p. 141° C., are both 

certainly ])rcsent in coal tar pitch, but have not been isolated. 

Picene —(/ 1 / 1 -I)iiiaphthylcv '0 Kthylene) (!|„n^-tli„H|. 

I ' I 
(;h-=(;h, 


m p. 3(14” (!, ; b p. 5] S-.o20° (4.-- has so far only heed found in brown coal pitch 
and petroleum pitch, but very probably occurs in the heaviest coal-tar oils. 
It is even less soluble than chrysene. 

A much more intcre.sting set of substances are the derivative of the 
■:> memhi’.inl riu(/, either by itself, or united to the Vi-'iiieinhrred rin<j. This 
group iiieludes cyclopentadiene, iiidene and tluorene : 


-i H 

J II 


II H 1! 

i.pr i" "A-A” 



II lb II II., H 


Cyu]o|ieiitaillriu‘ 

tV,H, 


Illtlelio 

0 , 11 , 


Fluolellt) 

O,:jtlio 


The mem.bers of this class are e.xceedingly reactive, partly because ii con¬ 
tains the atomic grouping 


-(UC-Cllj-^C-C— 


consisting of a metliylei.ie group of feeble’ acid r.iytifre," and a))pareutly also 
because, at any rate in the lirst two members, the iloublu bond is external to 
the benzene ring, and is therefore capable of forming a variety of additional 
coupiojinds add polymers with ease. 

Ill cyclo^ieiitadiene this activity is developed to the highest degree, and 
♦ the compound therefore is by far the most interesting of all. 

Cyclopentadiene—Or,1I„, b.p dTC ; sp. gr. (15”(1.); ()'815—isaliiiuidof 
cj)arActeristic odour. Kramer and Spilker discovered it in 189() in crude 
benzole forerunnings, and established its constitution.^ Almost siimiltaneonsly 
Etard and hambaid '' detlcrihed a “ pyropontylene,” C,Hj, as a product from the 
cofnprossion of oil gas, without empnry into its coiistitutiyu. I’rohahly Koacoo 
in 1870 ’ handled this body in,the condition of its simplest polymerisation 
product, (1,||11,.). , 

(lyolopentadiene is presoitt in varying cjuantities jji benzole, forerunnings 


^ Kloti, 7tr.. 2?, 84. 

’ Jkr , 29, 5il2. 

Liebiff’ft Ann^, 232, 348. 


- Coiiipure Tluftle, /jVt. , 33, 666 
*' Compi. rend., 112^ '.445. 
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*and oil gas condensate, which iS not surprising considering its lo\^ boiling 
point' and chemical constitution. • * 

Although its faculty for polymerisation inajf cause its preparation to’ 
appear very simple, in practice there occur various difficulties. Benzdo fore¬ 
runnings contain other substances which have been little studied, having 
(juite similar properties t(j those of cyclopcntadiene, and which also tend to 
polymerise. 

Dilute acids,and alkalis resiuify these hydrocarbons, aud^ concentrated 
acids react with explosive violencij,;^ cWorine, bromine, hydrochloric acid, 
hydrobromic acid are added in successive quantities ; ammoniacal silver solu¬ 
tion deposits a silver mirror. On account of the sensitiveness of cyclopen- 
tadiime towards alkalis iJhd acids, it cannot b^ reduced by ordinary methods 
to cyclopcntane, but tliis change is easily brought about by the method of 
Sabatier and Senderens.' Atmosphei'ic o.xygen attacks it strongly.^ . s 
The jaiothylene group in cyclopcntadiene reacts with ethyl nitrate, oxalic 
ester aldehydes, ketones, and with potassium, as has been shown by the very 
remarkable work of Thiele.® It also combines with qninones.' 

Of special note arc the beautiful and intensely coloured hydrocarbons 
named by 'niiele, fulvcnes. They are derived from cyclopcntadiene in which’ 
the two labile hydrocarbon atoms are replaced by the methylene group 
{fulveno = Cr,H,: Their most characteristic repre.sentative is the dark 

red dijihenyl fiilvene, which shows extraordinary power of crystallisation. 

There remains, lastly, an attempt at a pyrogenic, synthesis, not previously 
published; which is interesting as being an example of a change from a 
5-member ring to a (i-member ring. On passing a low molecular cyclopcn- 
tadieiio hydrocarbon, corresponding to triixeiic, throiigli a tube heated to a* 
low rod heat, there wa.s formed an inflainmable gas nf low Inmiiiosity, con¬ 
sisting of hydrogen, and a substance possessing the sought for inolecnlar < 
.icOBstitntion Cjll^: C 5 II,, but which was proved to consist of naplitlialeno by 
its Binell, its melting point at 79'5°, and the melting point nf its pieaft'to, 149°. 

• . 

II H II n 


II H 

Hr 11., 

I. - 3-11 

H II 


II <■ " > H 

H.H 




The yield was a good one; as by-products, ben/one .and anthracene, were’ 
identified. iJicyclopentadieiie gave the same rc.siilts. 

On standing, monocyclopentadiciie Jhaiiges spontaneously very easilj' into 
Dk:yclopentadiene-- -C,|,H,.*; s.p. .‘i2'5’0.; li.p. 170“C.; specitic gcavfty 
0'977—a coloiyless crystalline mass, possessing a peculiar smell resembling 
camphor. It remains indefinitely uiichaiigo^ *1 a wftdl-cljsod vessel. Oyclo- 
pTintadieiie, tlierefoje, can only be jjreservfd in its dimeric form, to be ro^ne- 
ratod as requirdfl by depolymerisakioii by pfoloiiged heating under a column. 

Dicyclopentadiene is particularly sensitive to oxygen ; if air reaches the 
substance within a shvi't tii.'C small roddisb-ln-owii glolmles .separate "which 
• 

^ (’ompare Ei/kinan, { 'he-tn. Weelchlad^ No. 1. 

, * jlngler, Autoxid&tioii, 34, 2938. • 

33, 666 *; Ann, 1, 848 ; Her., 34, 68 . 


^ Albreclit, jAebig's ,i4nu., 34b, 31. 
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consist C{f a hard brittle rosin of high oxygen* content. . Chlorine, bromine and * 
sulphuric acid actively attack dicyclopentadiene. With amyl nitrite' and 
hydrochloric acid, it forms a nitroso-chloridc which reacts with organic bases 
—particularly smoothly with piperidine—iike the nitrosochlorides of terpenes. 
When nitrous acid is passed through a chloroform solution of it, a iiitrosate is 
formed.^ The formula of dicyclopentadicne must be represented by 


r I 1.1 

i I I . I 

\/ “V'' 


I f 


_/\- 


I I _L I 

\/ ' 


I 

each of which can e.xist in the cis-traiis form ; till now, however, it is known 
in only one moditication. Other structural formuhe have been ascribed to it, 
but without the support Of proof.- 

Dicyclopentadiene is not reduced with sodium, but when jiassed iu vapour 
form with hydrogen over nickel, tetrahydro-cyclopentadiene (1: 0, G; 10, 1 : 10- 
'/VicycIw/fOT-Ke, is formed, which is a tricyclic terpene, m.p. 77” C.; 

b.p. ISKl'C. This siihstai'ice possesses a decided odour of camphor, which it 
resembles in other ways. It can easily be converted by weakly fuming 
sulphuric acid into an isamer, b.p. liU'.')" (!. (cis- and trans-form).® 

Kronsteiu'’ has a short note on the formation of a highly polymerised 
jiroduct of mono- or di cyclopentadiene, but without mention of melting point 
or molecular weight. ' 

There exists a large number of polycyclopentadiencs of very varying pro- 
,pcrtics, of which a whole series have been prepared.”' 


Indene 


specific gravity (l.h'O.): I'OOh—was discovered in coal tar by Kramer and 
Spilken •’ ' v 

It is present to an extent of about 20 per cent, of the frtiction boiling 
about 180“ C., but is not .easily prepared in t'ne purp state. It can he obtained 
by precipitation with picric acid, but there is difficulty in '-emoving the last 
traces of ooumarone, which is only achieved by fractional distillation. 
Furtjier, therc'is the great and disturbing tendency to oxidation and poly- 
'mcrisation. ’ ‘Like cyclopentadiene, indene is very reactive, chlorine, bromine, 
NoOj, etc, being added at the double bond. It gives a uitrosite which on 
warming changes into nitro-indenc. * “ The acid-like methylene group which 
ft {.ontaius, leads to the formation of a sodiwm compound,® to its coupling with 
oxalic ester, and to its condensation with ben7.aldehyde.” , 

* *l{ramer and Sjiilker, Her., 29, 559 ; Veiland^ Lir.hiy's Ann. 869 ., 300. 

2 Welland, Ber., 39, 1492. ^ EijknAann, Cym. WcekhlacP^ 1903, No. 1. 

* .^«r,,85, 4150. ' ^ Wejfcr. 

® Ber.y 28, 3276. also Spilker and Doinbrowsky, Be.'., 42, 573. ^ 

’ Wej^erand liillman, Ber., 1905, 640. , 

* DcnnsteiU and Alircus, Her., 28, 1331 ; Wall.icli, Liehiy'!^ Ann., 2, 336. 

® Ge9ell8cliafl;_fnr Teerveiwertung, D.R.P. ,206,465 

Thiele, Lieb'ty's A'ltn., 347, 1275 ; Her., 33, 851 ; Wislicenus, 771. 

Thiele, Liebig's Ann., 847, 249 ; Ber., 38, 3395. 


Cl! 

— C.H,, V’H; B-p. ; b.p. 182-2-182-4“G. (cor.)';. 

Clll 
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■ With one molecule pf henzaldehyde there is formed Benzylidiiie indene^ 

cn 

c:,H, 0CH 

C-.UVX.H, _ 

m.p. 88° (1; witfl two molecules, Hydrovyt'enzyi beuzyliilme {ndeite, m.p. 135° C. 
According to the Thiele scheme of nomenclature, both of these are fulvenes 
and are indeed coloured an intense yellow, but unfortunately fulvene cannot 
bo regenerated out of either of these compounds. 

This condensation with benzaldchyde citn be employed within certain 
limits, for the (juantitative determination of indeuo. 

When indene in benzene solution is shaken witlk several per cenh. of don- 
centrated sulphuric acid, it is converted into para-indene (where x 

= 4'!) a resin-Kke body. This is also precipi*:ited, mixed with para-couinarone 
in connection with the washing of heavy naphtha; an<l is obtained when 
indene or fractions containing indene are heated■ under a reflu.x condenser; 
under similar conditions cournarone forms only a trace of resin Together 
with the solid polymerised indene, there is found in lesser ijuantity a thick 
oil which with considerable certainty can be taken as being di ivilcne. 

Indene can be directly obtained from heavy naphtha or from the resin. 
In the latter case, however, the yield is very had, as deiiolymerisation is 
accompanied by separation of hydrogen or the wandering of hydrogen atoms. 
One molecule of para-indene does not give 4 molecules of indene, but truxene 
and hydrindene according to the formula ^ * 

.3((l,H,),= 3(;,dlj„-tGCdl,„. 


Truxene- CoH,-*: = 0-(dl2 


(lip,-0fcC--C|.Hj (I)i-molecular formula as given 

by Beilsfein)^ m.p 365“ 0 —is colourless in the pure state after disfillation. 
The (fistillatii n, how-vej, is accompanied by considerable difficulties, as 
the substance boils at a -^ery high temperature, and sublimes to a considerable 
extent. Usually the hydrocarbon is obtained»in the condition of fine, light, 
tangled mass of needles of a golden yellow or orange-rod colour. It dissolves 
with great difficulty.in the usual solvents, bu, to the greatest extent hi boiling 
cumene. It can be obtained fairly easily from pure indene resin by dry 
distillation and extraction flf the residue, and is certainly present in coal tar 
pitch—perhaps even in considerable quantities—although it has not begn 
isolated from^this source. • 

Trqxone was first prepared by Liebermtyin f jom* truxone ((yigO),, by 
Seating the latter for two hours with rdi phosphorous and hydriodic a^id at 
180° C. Tru!(buc*was obtained Jiy the action of fuming sulphuric acid on 
truxylic acid (CjH,COO H)„. ^ 

It is not soliibl. in "the ordinary solvent^ and only to a small extent in 
l^piling xyfene, chlorbform, jniline, a*id nitro-benzeno. 


'' Wegeraiid Bilbiiau, 1903, 640. * 

“ Ser., 22, 784 ; 23, 317 ; Haiimiann, Ber., 22, 2022. 
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TruxeTic is also considered to be Vri-ortho-\)cnzylene benzenes 


Truxeuo 

(trimolocular formnla 
as given by Weger). 


Truxene Quiiione. 


Jiy oxidation with chromic aci<l there is formed iruxem (fuinone, tri-ortho- 
bcnzylene benzene an orang^e-yellow' substance of similar character¬ 

istics ?»s truxenc itself. Thus, trnxcno and its (luiiione arc derived fron\ benzene , 
RTid not fvom oyadobutadiene ^ 

< 

Hydrindene— (IHj 

C,H‘ 

CHjOHj b.ii. 176 O6/)“0.; pp!t;r. 

0'957- is prepared from indeiie by reduction with abdium and ethyl alcohol; 
it can, however, be obtained .more cheaply in other ways, as, for instajice, 
from heavy na|ihtha. Aceordiiifi; to Moschnor,^ it occurs to the extent of 2 .6 
per canti in t^^e ouinene fraction ; l)ut it is obtained nnich more advantage¬ 
ously from heavy naphtha resin, indene resin, or technical conmarone resin,* 
from which it is prepared at high ternperaturet by the reaction described 
already. „ ■ 

tit is snlphonated but not polymerised by concentrated sulphuric acid. Its 
saturated 5-monibered riiig reacts like an open chain. The sulphonic acid 
salts^and several other aerivativcstJiave been examined in some detail by 
Spilker.'* i It oxidises fairly ipiickly in the Ajr. By reduction with nickel and 
hydrogen (Sabatier) hydrindene is‘converted into a dicyclio naphthene—1 : 9, 

1 ; 6 —dicyciononaite—oetohydrindene ‘ 

A Compare also Michael, /A:r., 39, 1910. a 33, 737. 

® K'mmcr and JVjUlker, Aer., 33,‘2257. ■* 71c/., J26, 1638. 

’ Eijkmaa, Chmn. IVcMlnd, 1903, No. 1 ; sec also Tliielo, fitr., 33, HI* 
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FJiiorene- 


C.H, 


C„H, 


CHj m.p. Ilfi’O.; b.p. 295”0. (cor.) 

—is a colourless substance crysbillisinf; in leaflets, from akbhol, possessing 
a violet fluorescence. It is easily soluble in ether, benzciie, and carbon 
disulphide. • 

*[t contains a '•ecctive methylene group wliCTcJiy it forms compounds with 
oxalic ester^ and with potassium"; it? forms a sodium compound with 
sodamide at 150° and with sodium at 200°.® It reacts with henzaldehyde 
forming benzal fliiorene'*; with alkyl nitrites atfd nitrates.® Oxidation with 
chromic acid leads to thn^ormatioii of fluorenone, a diphcnylenc ketone. 

Fluorone is obtained from its p.irticular ciml tar fraction by heating with 
potassium hydroxide at 2()0-.')00° and decomposing the lower jjotassium- 
fliiorene layer with water® or from the correspomling sodium compound.^ 
Althouglf the property of combining with potassium hydroxide is possessed 
by very few coal tar .hydrocarbons other than fluorene, this substance is not 
c.asy to obtain absolutely chemically jnire,® becanse potassium fluorene always 
retains a little phenanthrone which is not removed by the passage of steam 
without the potassium fluorene. itself being dccomiiosed to a considerable 
extent Moreover, during fusion with potassium hydroxide, hydrogen is 
evolved, and there can be traced the formation of ortho-phenyl benzoic acid, 
which regenerates the .5-niomberc(l ring by the action of concentrated 
sulphuric acjd, being converted into fluorene. 

Fluorene has not found any extended application in commerce, although 
if required large quantities could bo delivereil. 


Fluoranthene- 

i ' dill 
C IIjX /.(111 

'(.;h 

• 

m.p. 109° C. ; b.p. 2.50° C, (at (iO mm.) - crystallises in large, brilliant tablets 
and in needles. It was di.scovered i»i coal tar by Fittig and (lebhard,” and its 
constitute#! hjjs been established by Fittig and l.iebnmrin.'" It dis*solves 
readily in the usual solvents. 


Acenaphthene— 


CH.,. on., 

r I ' 

I • I 

I I I 
I I. I 
X/'x/ 


m p. 9-5° (1 ; b.p. 27.S°r. (cor.fl occurs in coal tar in appreciable quantities, 
w^ere itwvas first found by Berthelot in ItVi?.” ft coutains a saturated 
i>mcmbered rin^, aijl crystallises from .alcohol in strikingly beautijul long 


* W. 'WisliccniiR, lin-., 33, 771. - WeisHgerber, Her., 34, 

® Weissgjerlicr, 7)Vn, 4t, 291 

* Thicieaii(T'Houle, lAdihjs Ann., 347, 

WislicemiH i^ml WHldmuller, /?fT..41, 3834. 

® A.-G. fur Teer-lyid Etdol-Influstrie, D.R*P. 1*24,1.'^ 

’ 'Ggr. fur Xeer'tA^wertutig, D.H.P. 208,312. " Diiniif?! Bcr., 86, 878. 

^ Lkhig^» Ann.^ 193^ 142, Uehir/s Ann.^ 200, 3. “ Z. f. pkemie, 1867,.714. 
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needles, which distiiigujshcs it from ftudVcno and other hj’drocarbons of 
similar boiling point; from heavy tar oils'it is obtained in the form of hard 
brittle crystals. When oxidised it yields acenaphthone quinone, naphthalic 
acid, and finally,' horaimellitic acid. Lately acenaphtheno has been employed 
in the form of ,its bromiuated quinone as a red vat dye.^ When heated 
with sulphur, acenaphtheno is converted into trinaphthylene ben/enej^ a 
substance which is probab]y‘ present in pitch. When treated with load 
oxide it yields acenaphthylene,'' v.'liich should also exist i'l tar. 

Among the r/cw/mf ronUtin oj'yijen included in the riny, 

the C-membered ring series has not yet been observed with certainty in tar, 
at least in its sinqilest form. Among the Ihmemherejl rimj compounds are the 


following members;— 

H 

H H 

'V" l” 

n/y-in 

”1"^ 'r“!' '"i”' 




0 

II 0 

TI 0 H 

Fnraiie, 

('oiiniaroni', 

PijihoMvlpiie 

CALO 

(;,n„o 

CjoPfiO 


The first two bodies show great tendency to reaction and polymerisation 
on account of the double bond in the .fi ring similar to the subsUiuccs in the 
cyclopcntadieiie series , for this reason diphenylene oxide is fairly iudilTerent 
in its behaviour. 

Furane, 0,11^0, b.p. .12" C., has so far only been identified in pine-wood 

tar. 

Coumarone —liquid at -1S”C.; 'n.p. 172°C. (cor.j ; specific 
gravity I'ODfi—was first prepared by Fittig and Ebei't'* from counuirilic acid', 
and was latqr discovered in coal tar by Kramer and Rpilker.-'’ It is prepared 
from the heavy na])htha fraction, boiling at‘165-175° C., by precipitation with 
picric iicid, and decomposition of the picratc." 

Coumarone reacts with bromine, cone'entrated sulphuric acid, qtc, similar 
to indene. Concentrated sulphuric acid converts it into the (?)tetramolccular 
“para-ooumarone,” whijih is a yellowish-brtiwn bij'ttk' resin. - 

Coumarone resin of commerce, which is usually somewhat softer, is 
obtained industrially in coift)e(!tion with the washing of heavy na]ihthp, and 
contains, as might be expected, j)ara.indene and small qtiantites of other, 
bodies. It is efuployed in the preparation of varnislms, and is particularly 
valued on account of its completely neutral nature ; in rnanyolber cases also, 
it roplaces the more ‘expensive col(Y[ihonium which has a somewhat acid 
‘‘character. ' 

During destructive distillation, coumarone resin behaves, ipiite similarly 
to para-indene—a pbrtlon is 'lepolymorised, regenerating coumaronQ ; another 
poltion undergoes wandering of''hydrogen atoms, an^l is converted irito 
substances poorer and richer in hydrogen, comparable tfi the change of 
^lyindenes into^truxene and bydrindene; and finally, a third portion is, 

' Baseler Chen). Falmk xu Basel, D.R.Pi 196,349 and ]98,.'?iO, 

2 Rehlander. Bert, 86, 1583 ; Dziwonshy and Bachinami, Ber . 36, 962 and 3768, * 

’ Behr andtOorj^ hlehicfs Ann., 172, 27'6. 

• Zubig\s Ann. 216, 168. ‘ ^ Ber!, 23, 78. 

'-A..6. furTeer- and ErdoMndustrie, I).R.P. 63,792. 
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bioria' profoundly deconiposed, aecompanied by the breaking .down-of the 
6-membered ring, whereby ethyl benzene and acid" oils ale formed. These 
consist mainly of ])henol with some ortho-ethyl phenol, as couhiarono resin' 
contains oxygen, which indene rosin docs not. The decomposition preducts 
consist of thick oils ; and among the higher boiling portions which distil with 
difficulty in steam, there, e.xist, with groat probability, dreoumarone and 
di-ihdene. In tlio residues, there exist truxcne'liko substances, but containing 
oxygen, which rgn 'lin behind as a soSt .black’sh-brown difficultly soluble 
powder when the coumaroiie iritch is treated with xylole and the like, and 
which prob.ihly have a composition cfosely similar to that of the free carbon 
in ordinary pitch. 

Cll., 

/\' 

Hydrocoumarone— C^H,< 

• I 0 still liquid at the temperature 

of .an ice and salt nii.xture; specific gravity (2.3 ’0.): TOfil!), which 
correspoiuls to liyilrindiiie- is, without doubt, present in the distillation of 
resin and also in lieavy naphtha; but it has not yet been isolated from these 
substances. It has, however, been synthesised,! from ooumarone, sodium, 
and ethyl alcohol, when ortho-ethyl phenol is forn)ed as a by-pi'oduct. The 
reduction with sodium is brougdit about only under tlio most careful following 
of the exact conditions prescrilied. Usually the yield in hydrocouinarono is 
very bad, but it has easily been obtained by the method of Sabatier and 
Sonderens, when ortho-ethyl ])henol is again met with as a by-product. It is 
a colourless oil, soluble iii the usual solvents, and almost insoluble in water. 

Diphenylene Oxide- \/CgH 4 ; m.p. se-ST-C.; b.p. 276” 0. 

0 

(uncor.)—is a white substance crystallising in leaflets and showing a blue 
flujresceifcc. It is very stable against oxidising and reducing reigents. It 
has been synthesised by many difterent methods, and has been foufld iu tar 
by Kramer and Weissgorber.- As diphenylene oxide does not possess acidic 
properties and therefore does not lend itself to being extracted, it is 
separated pure from fluorenc and oklier hydrocarbons which boil at a similar 
temperatflre (ijdy with great difficulty. It is most easily obtained in oon- 
siderablt! ijuantity from ortho-diplmnol (ortho ortho-dihydroxydiphenyl). 

Ortho-diphenol is forirte'cl from diphenjdone oxide (but not from fluorene 
as previously thought) during the production (rf fluorene by the potassium 
alkali fusion^ and from the fusion of anthracene with potassiup hydroxide.^ 
‘Further, it remains af^er decomposition of potassium-fluoremr anj pol'iss^um- 
carbaaole and cau Ix^ precipitated by acids from the alkaline licjuid.’' 

Ortho-diphenol (Orthot)rtho-dihy»lro\vdiphenyl) — 

• 

'J. * 

m.p. 100“ C.; 1).]). ‘Ur)'’C. (uucor)—crystallises in compact crystals and is 
difficult to obtain con.ylctdly colourless. It is^easily soliilTle in alcohqj and 

^ Alexander, Hci*., 25, 2409, “ 34, 1662. 

* * A.*Cjr. fur Teer- uad Erdo't-Induatrie, D.R.P. 1^1,160 * 
fur Teer- und Erdobindustrie, D.R.P. 111,^59. 

A.-G. fur Teer- und ErdoMudustrie, D.R.P. 130,679. 
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ether, but dissolves with difficulty in cold benzene apd in water. From ’thd 
latter it is ohtain'ed in'leaflets containini' water, m.p. 75-75° C. Being h 
polyvalent phenol, it is tliken up by soda solution in the cold, and gives a 
reddigli-violet colour with ferric chloride. 

To this group of oxides belongs : 

Xanthene, the anhydride of ortho-dihydroxydjphcnyl methane, diphenyl- 
methane oxide ' (1H„ *- 

' GJi,' whicii i.s the'oilly representative 

6 '" 


in tar of a fi-membered ring containing o.xygen. lt(.has not yet been directly 
isolated from tar, but its presouce is rendered probable by the fairly definite 
substantiation of the existence of orthodihjdroxydiphenyl methane, a 
ccfmpar.ion of the .above mentioned orthodihydroxydiphenyl. 

The following xu/phur compoinnU correspond with the abovb \lcscribcd 
oxide.s:— 
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Only tliinpliono and its lininolojrucs have any iiiiportanee 

Thiophene—c,II jS ; b.p. 84-r C.; specific gravity (1-5' C.); 1'070—is very 
similar to benzene. It was discovered by V. Meyer in coal tar lienzole ' and 
can lie removed by concentrated sul])huric acid,- or by b.asic mercuric,sulpha,te.-^ 
It is bcjst obtained ^ by diluting the sulphuric acid immediately after its 
employment .hi washing benzole, and steam distilling the diluted acid. When 
two to three times the ipiantily of water is eiiiiiloyed for the dilution, purer 
thiophene is obtained than when only an equal ijuaiitity of water is used, as 
in thediist case, the accompanying sulphonic acids of trimethyl bas^yzene, and 
particularly of xylene (toluene sulphonic acid ajipcars not to" be formed, or 
is decomposed only with great difficulty), arc not tplitby such strong dilution. 
The amount of thiophene present in benzole and its quantitive determination 
have already been dealt- with. '• 

Jliqhomofegues of thiophene—the tiliiotolenes and thioxcncs—accompany, 
toluene and*^ xylene respectively, and have been obfliined from the acid 
employed in washing toluole and xylole in a similar manner as' has thiophene.-’ 
(Forlpiantitivc test for thiotolene, se5 “ I’oliiene ”). 

• "Rliocouinarone —(Thionaphthene) J (> H„S ; m.p. .5] ° C. —has so far only 
been prepared synthetically, but probably occurs in naphthalone oil, together 
with naphthalene lyf.'wht’ih tlm foiling point is identical. . ^ 

"Diphenylene Sulphide, CjofijS, ha? also notyetbepn isolated from tar, 
but profiably accompanies the oori:esponding oxide, as suliihur is alwuys present 
in the potassium Q.lkali molt of iliiorene. , > 

A' final group of neutral constituents of coal tai; is formefl by. certain 

■ 5cr.,‘16, -im,. “ V. Meyer, Ber., 17, 2641. 

^^Coiitpare Volhard, Lit'hof'a Anv., 267, 72. *, i 

* Scinilze, Her., 18, 497. ' " Scliuho, Jie,r., 17, 2862. 
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Substances containing nitrogen, iit wjiicb the ring containing the nitrogen or 
the ifiliido group in a n-memhered^ring. The 6-niCniber(Jd ring eofitaining 
nitrogen is cliaracterisod by strongly basic properties (Aniline, etc.). 
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Pyrrole —C.ill^N ; b.p 133° (I; speeilic gravity,•! 077—was discoverecMn 
coal tar Cy’Hnnge.' 

It is readily>,sulnjjle in ether and alcohol, ''iid turns brown in the air. It 
is a stable substance, but is polymerised into trijigrrole by the passage of 
dry hydrogen chloride into it in ethereal solution. When heated to 300“ C., 
tripyrrolo decoinpo.scd into annuonia, pyrrole and indole. 

Indole, C„H;N, a weak base, has not yet Ueen identified in coal tar. 

Carbazole —(.l|.3ll,|N , m ]>. 338“ (!.; b.p. 3.h.3" C.—is present in tar in con¬ 
siderable ipiantities, and has a certain technical importance. It crystallises in 
white leallotifc, and is intiniately associated with anthracene, I'roin which it is 
removed with great diliiculty by solvents, except pyridine bases (see above 
nndcr Anthracene). On the other hand, the separation is easily ett'ected by 
potassium alkali melt. The potassium compound of carbazole has long* 
been known.- 

^Oarb.azole resembles a hydrocarbon in giving a siilphonic acid and a jiitro- 
compoiiiJfl (compare, for instance, E. AVirtli, 0.1!.l'. 138,8.53), It can be 
identified by a niiniber of colour reactions. ^ * 

Dinitrocdrliiizole is easily* converted into ])ara'dianiidocarbazole, 
C|.jll,(iN ll.j).„ from whic"!!, by coupling with salicylic acid, is obtained the 
.siibstantiyi dye stuff, carbazole yelfow. 

Diiomi'arMizole, (1|.,H-1.,N, is employed as an antipyretic.^ Hydro-and 
Nitroso- compoimds ar, kn^wn. * , 

Phcngl para NiipUllijif (iarhauile —(1,^11 ; m.p. 330“ C.—is obtained by 
subliming the residue from distilling crude aiftliracene, and is white when 
pure. It does not dissolve to any important e.\tcnt in, but imports an intense 
blue fluorescence to the usual solvents. 

Like the piu'c hydrocarbons, the o.xygen, nitrogen and sulphur compounds 
are present in coal tar to an* extent diSerinined not billy by the conjunction 
of three rings, but by the benzene* ring being substituted by a naphtfialipie 
ring, as, for c»ani))le, in the case of naphthyl-phcnyl-benzcno. These vft-y 
high boiljng bodies are to be found in pitch. * ^ * 

* Acid Substanfes—Phenols.are ch*raoterised by cdutaining oxygen in 
the side chain, a*lid many homolognes, including the two najihtliols, ll?ivc been 
identified in tar ; but not, however, theanthrols. I’olyvalent phenols with one 
' side chain, |uch as brenzc.atochin, have not y»t been found in coal tar, but 
• 

* roiiqedorfs Ann., 31, 67. 

- Griebe, 1880, ryiijiig's Ann., 202, 22.' 

2 Chisscn, D.U.1>. 81,929. 
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only in such material such as low teinpcra^m-e distillation tar.^ These aeid'oils; 
the phenols, wliiclf may donstitute as niucb as 40 per cent, of their particular 
‘fractious, arc absent only in the lowest, 'oocaiise the first representative, 
carhoV.c acid, boils at 184"; hut they are found in the highest'boiling fractions. 

Phenol —CjAIj.OH ; b.p. 183-184“ (cor.); s.p. 40-5"—is of very groat tech¬ 
nical importance, and is one of the most valuable constituents of coal tar. It is 
obtained crude by the extraction of a traction more or less restricted in rivjge 
of distillation—carbolic oil^by nuiaes of so<lium hydroxido,polution, and the 
neutralisatioi) of this by moans of oarbonic or sulphuric acid. The separation 
of phenol from the cresol is based oh the stronger acidity of the former,* 
followed by fractional distillation and by partial solidification. 

It is, however, very dillljiult to obtain it clflmiically pure, in which 
condition it remains colourless and solid. The smallest ipiantity of impurities 
ca,use.s it to turn red, and to become moist when standing in contact with the 
air, especially in summer-time. The solidification point of phenol,,which is 
the most important measure of its value in industry, is depressed to an 
extraordinary extent by the presence of quite small qiiantities of water or 
cresol. I’nrc phenol must, of course, dissolve to a comjiletely clear solution, 
and must not show any turbidity when diluted to any extent. The 
I’harmacopa'ia requires that aciduin earbolicnni shall molt from 39 -40° and 
dissolve to a clear dilution in 1.9 parts of water. Further, a Ikpiid carbolic 
acid, “aoidiim carbolicum hqnifactuin,” is otlicinal. 

The most sensitive test reagents for phenol arc bromine water, or a 
solution of iiiercnric nitrate containing nitrous acid (Millon’s reagent). 

The quantitative determination of phenol in the nrcsenco of cresols can 
, be made with considerable accuracy by the methods of YVeiss * and of Fox.'* 
The employment of phenol for purposes of disinfection is well known; it 
is also used in the preparation of dyes, mono- and dt-nitrophenol, and picric acid. 
The ‘latter can also bo manufactured from benzene by the conversion' of 
dinitroclilorobenzene into dinitrophenol. An important ‘ipiantity of phenol 
is used also in the preparation of salicylic qcid. In commerce is-found not 
only coal tar carbolic acid, but .also a synthetic jiroduct jiropared from 
sodium benzene snlphonate.’’ , 

Phenol Hydrate—m.p. 17-2°0.—contains^Ifi OH per cent, 
water, which begins to separate at 100° C. , • 

Cresol, (!„H.|((!H,)(‘OH), e.xistsintho form of'three isomers in the average 
proportions of ortho-, 40 per ijent., nicta-, 35 jior cent, and para-, 25 per cent.: 
each of these is produced on a commercial scale. * 

Ortho-Cfesol, (1 ; 2); m.p. .30° (!!; b.p. 191° (1. (cur.); specific gravity' 
' (15.5° (;.): 1-0518. 

Meta-CreSOl, (1 ;.3), sohdili.ss oqly with difficulty, after which it melts at 
^° C. ; b.p. 203° C. (cor.); specific gravity (15 -q' C.): 1-0387. 

*^5 PUra-Cresol, (1:1); m.p. 30° 0.; b"p. 202° C. (cor.); specific gravity 
(15-.5°C.): 1-0388. . 

The separation/)t th?i thre^ t-rojols from tar has been the snbjecfof a vevy 
large anjount of work, dealing mostly vvih'.i the separation of,meta- and para- 

‘ Boi-nstein, JJer.,'33, .13-24. 

* tfompai-c Muller, Z, f. Ohem,., Isli.t, 270 ; fail in greater detail, Linige-Kiiiiler fndudries 
des Ste.inkohlctdeers, 4th edition, p. 615. 

* J. Tnd. ftntl En^. them., 1917, 569. 

* J. lioe. Chek. /««., 1917, 842. 

'* Ney, reported in C/iem. Trade Journal, 1915, 361. 
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eroso's since the ortho-conipomid ottii^be sufficiently well obtained by fractional 
flistillhtion. '■ 

The most important processes fire covered by thorfollowing patents : Eiehrn,. 
D.H.r. f);i,;i07, ulakes use of tlio different solubilities of the barium,salts; 
Lodoror, 0.11.1’. 79,514, employs chloracetic acid; Byck, fl.).]!.!’. 100,418, 
treats the materiel with various salts; llaschig, D.UB. 112,84.5, sulphonatee 
tho»mixture of meta- and {'ara-cre'sols, and separates by crystallisation of the 
para-sulphonic aci'',or of its sodium sajtj llasohig, 0.11,1’. 114,975, treats 
the mixture of smphonie acid with superheated steam at 120-185“, whereby 
the meta-cresol sulphonio acid boinj•decomposed, meta-cresol distils over, 
whilst the para-sulphonic acid remains unchanged; Rutgers, D.R.]’. 137,684, 
and 141,421, separates j^ra- from mcta-cre,sol by means of anliydrous oxalic 
acid, the former being precipitated in the form of the solid oxalic ester; 
Tjadonburg, O.K J’. 148,703, carries out the sepai'ation by means of sodium 
bisulphatp .containing pyrosulphate; Ladenburg, lAll.r. 152,652, prepares 
meta-crcsol from crude crcsol by means of the small solubility of tlio neutral 
calcium meta-ci’bsoL'fto; finally, (lentsch, O.R ]’. 156,761, and 157,616 sepa¬ 
rates the cresols by means of potash, 

Schulze, who separates the three isomers of coal ..ar cresol by fractional 
saturation or preparation of the potassium suljffionates estimates the con¬ 
tent as being ortlio-crcsol 35 per cent., meta-cresol 40 per cent., para-cresol 
25 per cent. These ligures are undoubtedly accurate in specific cases, but it 
is incorrect to assume that they hold good for commercial cresols in general, 
as these vai^ according to the origin of the tar, the method of working up, 
and the distillation range of temperature. 

The “100 per cent. Itpiid carbolic acid” wdiich constitutes commercial 
cre.sol, and consists of a mixture of the three isomeric cre.sols, more or less 
phenol, and some ethyl phenol and xylenol, is employed almost entirely for 
pur 4 )oses.nif disinfection. • 

Attempts have been made to overcome the disadvantage of its ]pw solu¬ 
bility in water by means of numerous additions, such as linseed oil soap 
(liipior cresoii saponatus), resin soap, sulphuric acid, salicylic acid salts, 
sulphonio acid salt.s, and many othejs. 

On tl>t«-elative toxic power and power of disinfection, an enormous amount 
of work, has been done and de.scribed without, till now, an agreement having 
been attained. “ . • • 

Attempts have keen made to reduce cresol by means of hydrogen and nickel^ 
to cyflohexanol or cyclohexanone for employment as a substitute for camphor,® 
•or for use as a solvent, in which cas*D the cost of roduotiot^ ifould be njuch 
too high. A ejigsol friTction, rich in meta-cresol, is employed in‘considerable * 
quantities in the explosive industry for the preparation (jf trinitro-meta-cresol— 
“oresylite.” A very good metjiod for tRe determination of meta-cresol ifthat 
of Raschig,'' which consists of treating a solution of cresol in sulphurii aqJcP 
with concentrataid nitric acid, whereby the meta-compound is triniti-ated, and 
tly) ortho -and para-oresols are oxidised to oxalic’acid/ Tlig mode of carrying 
out this rcactioi^is t»ie so-called Fresch mefliod, whicli is the same in pjincifle, , 
but is decidedly to be preferred. » 

’ Lately, cresol as wed ivi phenol has been condensed ryth formaldehyde 
for the preparation u) .artificial resins^ ebonite Substitutes, and the like! As 
these material^, made out of Ordinary crcsol, have too styong an odour, the 

, ’ 20, 410., * » ® Sabatier and Seilieiena.w* 

Hasvbig, D.R.1* 174,014. ’ 2f. f. aiigriv C/icin, 1900, 7.09. 
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more foctily siiKilliiij' pure cirttio-cresol is employed,^ with which very psfifii! 
results liave actuaily bec*i obtained.* ‘ > 

The Dimethyl Phenols— 1: : 5,—and 1:2:4 

xylenqis have been identified^ in tar ' 

a- and /3-NaJjhthol, C,„H,OH, are found in tar (compare the notable work 
of Schulze),2 blit both are far more cheaply prepared synthetically from 
naphthalene. , ' ' p 

a-A^aphthul —m.p, yt-96*’C.; b.p.,,278-280° C.; specific,gravity 1’224—con¬ 
sists of brilhant needles. It volatilises in steam and is sparingly soluble in 
hot water, but easily soluble in the iisli&l solvents. 

fi-Napklhol —m.p. 122-122° (!.; b.p. 291° (!. ; specific p'avity 1'217—vola¬ 
tilises sparingly in steam, but is as soluble in variolas liquids as u-naphthol. 

Rosolic Acid—Oi-llj. .CrilXtll 

. ■ I \ / 

0 

was first discovered in coal tar by lUuigc in 1831,'* though it had probably 
been formed by suhseipitmt chemical tre:itment. Its main interest lies in its 
being the most likely substance res|ionsible for the pink colour which is slowly 
formed in phenol. 

The basil; ciinsliliwnts of foal tar arc present in all fractions; they are 
extracted by dilute sulphuric acid, and precipitated from their sulphuric 
solution by means of ammonia or sodium hydro,\idc. The following groups of 
substances contain the nitrogen atom included in the ring:— 
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Pyridine -Cyi^N, s.p. -42°(1.; b.p. 11.I'd.; specific gravity (li^'d.): 0‘978 
—was discovered in cyal tar by (Ireville'Williiyns.. It constitutes the most 
important body in the Imscs employed on the "Continent for denaturing 
purposes where, according ttf the reipiireinents of the Inland Uevenne, It shall 
distil 90 periceiit. from 90-1(10”. An industrial ipiality of jiyridine, b.p. 
. abofit 115-lil8°'0., can be employed for the preparation of the pure substances' 
by moans of the zinc double salt. '. ' 

lit behaves like a true alkali, precipitating‘‘hydroxides from salts of the 
•ivetijs, and forming stable salts soluble, in Rater. It resists the action of 
fuming nitric and chromic acids. 

Pyridine is onifioy,;'d as, a solvent, for the purposes of combiiiing with 
acids in certain reactions, and ftr the ^preparation of .piperidine, a chaUjre 
which (fan easily be carried out electrolytically.* This reduction of pyridine 
to piperidine has not yet been achieved by Sabatier’s method. 

The three Methyl Pyridines, a-, fi-, and y-f 

* Bayer and Co., U.K.P. 201,261. ' * Lubtg'a Ann. 227, liS, 

» Pogg. Aat* 31,/.Or 612 ; 32, 308, 323.' ■■ Merck, D.K.P. 90,308, 104,664. 

® See also Eckerf. and Loria, jfoimlsh,, 19‘l7, 38, 225 ; J. Ghem. Sot..', ,1018, Abstr. 7., 70. 
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Picolines— CjHjN'l b.p.^rss” C.; speoiflc^ravity (0°C.); 09613— 

have all been icifentified in tar; of these the a-oompound can be oljtained 
approximately pure by fractional distillation. *. 

a-PicoUne, b.p. 133’6 (cor.); specific gravity (10° C.): 0'952. 

*P-PicoUne, b.p. 143’6 (cor.); specific gravity 0’9726. 

»Picoline, b.p. J42'6-144'6 (cor.); 6{)eoific gravity 0'9742. 

Dimethyl Pyridines (LutidinesJ, C„H„N.(CHj) 2 , the* Trimethyl 
Pyridines (Collidines), C 8 H 2 N(CH|)j, and the Tetramethyl Pyridines 
(Panrolines), 05 HN(CH 3 ) 4 , are also present in coal tar, but are difficult to 
obtain pure. All these'bodies are accompanied by primary bases, such as 
aniline, which can be removed by diazotizing. 

Quinoline—CjHjN ; b.p. 239-240° C.; specific gravity 1’081—occurs in 
apprecia];)lg quantities in coal tar, but this source <8 competed witK by ^ts 
synthetic production from nitrobenzene, aniline, glycerine, and sulphuric acid. 
It is used for the preparation of the ortlio- and para-sulphonic acid, and of 
hydroxquinoline. Quinoline is accompanied by 

Isoquinoline —CjHjN ; m.p. 20'C.; b.p. 236.*237'C.—to the extent of 
about 1 per cent., which boils at almost exactly the same temperature. It is 
solid, having a clinging odour, quite diflerent from quinoline. It was first 
discovered in coal tar by Hoogerwerf and Van Dorp,' by separation from 
quinoline by means of recrystallisation of the acid sulphate, whereby a very 
valuable preparation was obtained. Isoquinoliue is employed in the pro¬ 
duction of a very valuable red dye—quinoline red—which is employed in 
photography, and for staining microscopical preparations. 

a-Methyl Quinoline (Quinaldine), C 8 H 5 N(CIIg), b.p. 238-239° C., and' 
;8-Methyl Quinoline (Lepidine), C(,HjN(CIl 3 ), b.p. 250-257° C., specific 
•gravity (J6° C.), 1'072, are present in coal tar. . 

Acridine—CjjHjN; m.p. 107° C. or 111° C.; b.p. over 360° C.—crystallises 
in fine, clear, yellow prisms, and is to be found in crude antltracene. It is 
a stable substance and is readily soluble in other, alcohol, carbon disulphide 
and hydrocarbons. It is intensely irritating to the mucous membrane and 
to the stwi, so that its preparation is a somewhat unpleasant operation. At 
the prqsent ti'mo, it is a relatively costly product, but could be prepared at a 
cheaper price if demand ywe greater. • 

Other bases occur in coal tar in which the mtrogen is present in the side 
chaiti, such as— 

■ Aniline-CANHg; s.p.-8°C.» b.p. 182° C.; sp. gr. ^16° C.),: 1-020 
—occurs to, qply S small extent in coal tar, so that tlfis source is* 
negligible as cbmpared with^he synthetic productioin 

In addition to the compot^nds descfibed up to the present, there ar« to bo 
found in coal tar, ketones, nitrileS, paraffins, olefines, and numerous «hy^- 
genated substances. With the exception of benzonitrile, none of these 
gubstanaes are of value. , • / , 

Acetone /as; obtained by .HeuslCT ^; Methyl ethyl ketone by_ 
Schulze ®; and*Acetophenone by Weis8ggrber.« 

Benzonitrile, OrHj,CN, was found in carbolic oi^ by Kramer and 
Spilker. ^ Siccordiug oo the D.R.P. 109,122 ol^the A.-G. fur Teer- und'Erdol- 

• ' SecKcU, 4, 125 ’; 5, 305. . • 

;^r.,28, 488. “ i(e«, 20, 4M. 

• * W., 86, 754. * Ser., 23, 78. 
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* ' * , 

Industrie, it is converted into benzoic aoid.bjthydrolysis with sodium hydroiide* 

solutiorf of specific <gravity 1'4, the resulting preparation being distinguished 
• by its freedom from chlorine. 

Of, the Aliphatic Hydrocarbons a number of the 'members of the 
saturated series -Have been isolated and identified as well as of the unsaturated. 

There are afso present Hydrogenated Bodies other than the above 
mentioned, such as hydrobeuzane, hydronaphthalene and hydroacridine. 4 It 
has been found that the specific gravities of parafiin,isolatpd^from the various 
fractions, is higher than would be .expected from a comparison with mineral 
oil with paraffin fractions of the samtf boiling points. There is considerable 
reason for thinking this to be due to the presence of Naphthenes, a 
series of polymethylene hydrocarbons consisting of* simple and substituted 
rings.' These substances are unaffected by 100 per cent, sulphuric acid, but 
are attacked by oleum with the generation of sulphur dioxide. 

Abbreviations. 

b.p. Boiling point. I f.p. Freezing point, 

s.p. Solidifying point. | sp. gr. Specific gravity. 

Note. —There is much interesting and careful work on Coal Tar details 
published in the two American journals: Metallurgical and Chemical Engineer¬ 
ing and Journal of Industrial and Engineering Chemistry. 

‘ Compare, for instance, Ahrens, Z.f. aiigeic. Otem., 1908, 1411. 



APPENDIX II 


INTEENATIQNAL ATOMIC WEIGHTS. (1918). 

With Multiples. 


Aluminium. 

AI 

27-1 

x2 

54-2 

x8 

81-3 

Antimony. 

Sb 

120'2. 

240-4 

860-6 

Argon . 

A 

39-88 

79-76 

119-64 

Arsenic. 

As 

74-96 

149-92 

224-88 

Barium. 

lia 

137-87 

274-74 

412-11 

Bismuth . 

Bi 

208-0 

416 

624 

Boron. 

B 

11 *0 

22 

33 

Bromine ... . . 

Br 

79-92 

169-84 

289-76 

Cadmium. 

Cd 

112-40 

224-8 

337-2 

Gfesium. 

Cs 

132-81 

266-62 

398-43 

Calcium. 

C« 

40-07 

80-14 

120-21 

Carbon. 

C 

12-006 

24-010 

36-01! 

Cerium. 

Ce 

140-25 

280-6 

420-76 

Chlorine . . . . • . 

01 

35-46 

70-92 

106-38 

^ C])rominiii. 

Cr 

52-0 

104 

166 • 

Cobalt. 

Co 

68-97 

117-94 

1J6-91 

Columbium. 

Cb 

93-1 

186-2 . 

279-3 

Copper . e 

Cu 

63-57 

127-14 

190-71 

Dysprosium ...... 

Dy 

162-6 

325-0 

487-6 

Erbium. 

Er 

167-7 

336-4 

603-1 

Europium •. 

Fluorine* . •. 

£u 

152-0 

304 

466 • 

F 

19-0 

38 

67 

Gadolinium ... , • . • 

Gd 

157-3 . 

314-6 

471-9 

Gallium . . • . 

Ga . 

69-9 

139-8 

209-7 

Germanium . '. . 

Ge 

72-5 

146 

217-6 

Glucinum. 

G1 

9-1 

18-2 

27-8 

Gold. 

• Au 

197-2 

894*4 • 

691.-6 

**Helium . . . • > 

He 

4 

8* •• 

Holmium . » . . . . 

Ho 

163-6 

327-0 

490-6 

Hydrogen . . . . ■ 

Indium. 


1 -oos# 

2-016 

3-02 

In 

114-8 

229-6 

344-4* 

Iodine.* . 4 

I 

126-92 

263-84 

380-74 

Iridium ... . . 

Ir 

193-1 

386-2 

679-3 

Iron 

Fe 

66-84 . 

el 11-68 

167-62 

Krypton •. . . 

Canthanum ...... 

Kr, 

. ^2-92» 

164-84 

247-76 

, La 

139-0* 

278 

417 

Lead . . 

Fb 

207-20 

414-4 

621-6 

Lithium .... 

Li * 

6*94 

13-88 

20-82 

♦ Lutecium . , . •. 

Magnesium %. 

Lu 

.Mg 

m*o 

24-32 

369 

48-64 

626 . 
72-96 

. Manganese.* . 

Mn 

64-93 

W9-86 

164-79 

Meroury . . ... 

•jag 

200-6 

.401-2 ,. 

601-8 

.Molf bdenum . • . 

•Mo 

96-0 


288 


163 
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iNffBBNA’siONAL Atomio Weiobts— Continued. 


^ 1 * 



*x2 

■ xS 

Neodymium . 

Nd 

144*3 

288 6 

432-9 

Neon .... 4 . 

No 

20-2 

40*4 

60-6, 

Nickel . . . 4 . . 

Ni 

68*68 

117-36 

176-04 

Niton .. 

Nt 

222*4 

4iU-8 

667-2 

Nitrogen . . . , . : 

. N 

1401 

28*02 

42-03 

Osmium , .... 

• Ob 

190*9 

381-8 

672-7 

Oxygen. 

0 

16-00 

32 

48 

Palladium . .... 

Pd 

10617 

213-4 

320-1 

Phosphorus . . « 

P 

31*04 

62*08 

93-12 

Platinum .... 

Pt 

195*2 

390-4 

686-6 

, Potassium .... 

K 

39*10 

78-2 

117-3 

Praseodymiiiiii ' 

Pr 

140*9 

281-8 

422-7 

Radium .... 

Rd 

226*0 

452 

’ 678 

Rhodium. 

Rh 

102*9 

206-8 

308-7 

Rubidimn . 

Rb 

85*45 ■ 

170-9 

266-36 

Ruthenium 

Ru 

101-7 

203*4 

805*1 

Samarium . . 

Sa 

160-4 

300*8 

451-2 

Scandium. 

Sc 

44*1 

88-2 

132-3 

Selenium 

Se 

79*2 

168-4 

237-6 

Silicon ... 

Si 

28*3 

56*6 

84-9 

Silver. . 

Ag 

107-88 

215*76 

323*64 

Sodium 

Na 

23-00 

46 

69 

Strontium ... 

Sr 

87-63 

176-26. 

262-89 

Sulphur 

s 

32*06 

64*12 

96-18 

Tantalum . ... 

Ta 

181-6 

363 

644-5 

Tellurium .... 

Te 

127-6 

265 

382*5 

Terbium. 

Tb 

169-2 

318-4 

477-6 

Thallium 

T1 

204-0 

403 

612 

Tljorium . 

Til 

132*4 

464-8 

697-2 

Thulium. 

Tm 

168*5 

337 

605-6- ‘ 

'Pin 1 . . . . 

Su 

118-7 

237-4 

366-1 

Titanium .. 

Ti 

48*1 

96*2 . 

144-3 

Tungsten. 

W' 

184-0 

368 

662 

Uranium ... 

D 

288*2 

476-4 

714-6 

Vanadium . . 

.V 

61-0 

102 

163 

XeAoii. 

Xe 

130-2 

260 4 •> 

.. 390-6 

Ytterbium (Neoyltorbium) . . 

Yb 

173-6 

347‘ 

;520-5 

Yttrium. 

It 

t 89'D 

178 

267 

Zinc.■ . 

Zn 

66-37 

130-74 

196-11 

Zirconium . . . . • . 

Zr 

90-6 

' 181*2 

271*8 

t 


There has been no change from 1917. 
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Standard Solutipns for Voldmeteiq ANAr,Tsrs. 

Normal (!Sj\\lIydrochloricA<dd, containing 36'i6 grammes of HCl per litre," 
and prepared by diluting 82-3 c.o. of oonceatrated aci^ with water to 
make 1 litre, the solution being standardised by means of d^cinormal alkali. 

Normal (N/1) Sulphuric Acid, containing 49'04 grammes of H^SO^ per 
lit^e, and prepared by diluting .52 to 53 grarilmes of concentrated acid with 
water to make 1 Ji^re, the solution being standarised with anhyjlrous sodium 
carbonate in presence of methyl orange. ■ 

Dednormal (N/10) Oxalic Acid, containing 6'302 grammes of H,CoO,+ 
2 H 2 O per litre. , ^ ^ ‘ 

Normal (N/1) Caustic Potash, containing 5616 grammes of KOH per litre, 
prepared by dissolving about 8 grammes of purest KOH in 200 c.c. of water, 
eliminating carbonic acid with baryta water and making up the filtrate to 1 
litre, th» solution being standardised with decinorma^ acid. 

Normal (N/1) Caustic Soda, containing 40'06 grammes NaOH per litre, 
prepared and standardised in the same way as normal caustic potash. 

Normal (N/1) Ammonia, containing 1-703 gra.nmes of NH^ per litre, 
prepared by diluting 9 25 c.c. of 20 per cent, ammonia to 1 litre, the 
solution being standardised with decinormal acid in presence of luteol. 

Dednormal (N/10) liaryta Water, containing 8-572 grammes of l$a(HO )2 
per litre, and prepared by dissolving about 18 grammes of crystallised barium 
hydroxide and 1 gramme of barium chloride, filtering the solution out of 
contact with air, making it up to 1 litre, and standardising with decinormal 
hydrochloric acid 

Normal (N/1) Sodium Carbonate Solution, containing 53-05 grammes of* 
anhydrous NajCOj per litre, and prepared by dissolving 14.3-12 grammes of crys¬ 
talline carbonate to 1 litres the solution being standardised with normal acid. 


Normal (N/l) Nitric Acid contains 

GS'OlSgrms.HNOs perditre* 

Decinormal (N/10) Potassium Perjianganate 

contains 3-161 

,, KM 1 /O 4 per lit 

Decinormal (N/10) ,, Dichromate 

„ 4-903 

,, 1 ^ 201 * 20 ^ , 

Decinormal (N/10) Iodine • 

„ 12-692 

Is 

Decffiormal,(N/10) Sodium Thiosuljihate 

„ 24-822 

,, N82Sj05.5H20 , 

Dedinormal (N/10) Arsenioua Oxide, 

„ 4-948 

,, AS. 2 O 3 

Decinormal (N/10) Silvet'lfitrato 

16-9i?9 

.; AgNOj 

Jpecinormal (N/fO) Sodium Chloride 

„ . 5-846 

„ NaCl 

Decinormal (N/10) Ammonium Thiocyanate 

7-612 


Decinormal (N/10) potassium Thiocyanate 

„ 11 717 


. INDICATORS. 

♦ 

Methyl Orange —1 gramme per litre. Colour pink in presence of acid, 
and yellow in ajkaline solution suitable for tit*-atin^ hydrochloric, sulphuric, 
and nitric acids, strong bases, ampionia, ^oda and* borax, but not for fhtty 
acids, oxalic acid, carbonic acid, and boric, acid. Small quantity sufficient; 
I not suitable for hot solutions. 

Congo %fd —Solution co.isists of 0-5 gratnme dye, 90 c.c. watSr, and 
l(Vc.c. of 96 per cent, alcohol. • Colour filuislj violet to blue in acid liquids, bright 
red in'alkaline. /suitable for titrating mineral acids, fi^u alkalis and alkaline 
‘ eafths, ammcstfi^, alkaloids, but not for weak acids or in h*ot solutions. 
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• Cochineal —Solution, 3 gjammes of .whole cochineal extracted with,'266 
c.c. of '25 per cent, alcohol. Reddish yellow in 'acid liquid. Yiolet iii 
. alkaline. Suitable for amtnonia and mineral acids, but not for organic acids. 

Solution, 1 ; 10,, red in acid liquids and blue with violet tinge in 
alkaline. Suitable for. hydrochloric, sulphuric, and nitric acids. Caustic 
soda and potash', barium hydroxide and ammonia, but not for carbonates, 
borates, phosphoric acid, or sulphuretted hydrogen. • 

RosoHc Acid —Solution, CkS graipme in 50 c.c. of alcohol,aijd 60 c.c. of water. 
Phenolphihalein —Solution, 1 gramme in 100 c.c. of 96 per cent, alcohol. 
Colourless in acid liquids, red in alkkline. Suitable for strong bases, acid 
phosphates, oxalic acid, and other organic and inorganic acids, especially weak 
ones, but not for weak bases, ammonia or boric acid.' 

Luteol —Solution, 0‘1 gramme in 50 c.c. of 96 per cent, alcohol. Colourless 
in acid liquids, yellow in alkaline. Suitable for titrating ammonia (4 drops 
in'60 c.c. of test solutioil). . , 

Decinormal solutions are prepared with water measured at 15° C., and in 
order to obtain precise results, the volume of solution consumed in titration 
should bo corrected to that temperature. The factors with which the number 
of c.c. of decinormal solution consumed should be multiplied in order to 
obtain that correction are given in the subjoined table. 


Factors for Correcting the Voi.umk op Decinormal Solutions to 15’ C. 


Temjiemtiive. 

Factor. 

Temperature. 

Factor. 

15"C. 

1-000000 

2rc.. 

0-999057 

16°C. 

0-999870 

22°C. 

0-998867 ■ 

17°C. 

0-999728 

23°C. 

0-999864 

■ 18°0. 

0-999576 

.24‘'C. 

0-984338 

19°C. 

0 999412 

2.5°C. . 

0-998207 

20°C. 

0*999238 

< 

4 
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TABLES FOR USE 1n VOLUMETRIC ANALYSIS. 

« 

Equivalence of StaiuJlard Acid Solution. 


1 c.c. of Normal Ajid corresi-onds to 


Ammonia . 

Ammonium 
Barium hydroxide 
Baryta crystals . ' 

Glycerine (acefcin method) 
Calcium carbonate 
Calcium hydroxide . 
Calciun^oyide . 

Calcium sulphate 
Potassium . •. 

Potassium bicarbonate 
Potassium carbonate . 
Potassium hydroxide . 
Potash 
Magnesium 

Magnesium carbonate. 
Magnesia . 

Sodium 

Sodium bicarbonate . 
Sodium carbonate 
Sodium carbonate, crystals 
Sodium hydroxide 
Soda , . . . 

Sodium tetraborate 
Nitrogen (in NHj) 

Malic acid . 

Formic acid 
Succinic acid 
Hydrobromic acid 
Hydrochloric acid * 

Citric acid . 

Acetic •cift. . . 


Rosin acids (Twltchell muthoi^ - 
Hydriodic acid . ^ . "* 

’ L^tic acid. 

Olmc acid ... 

Oxalic acid, crystals . 

Oxalic acid, anhydrous 
Potassium oxaxatS 
Palmitic acid . . 

Phosphoric acid (methyl orange)* 
Phosphoric acid (phenolphthalein) 
Salicylic acid, orystals 
Nitric ax^d ..... 
•Nitric anhydride’ 

Sulphuric acid « 

Sulphuric anhydride . 

Stearic acid . . , . 

Tartarip acid 

Cream of tartar . . * . 


• NH 3 
NH 4 
Ba(OH)j. 
Ba( 0 H )2 + 8 H 20 
" C 3 HA 
CaCO., 

Ca(OH)., 

G^aO 

CaSOj 

K 

KHCO 3 

K 2 CO 3 

iiOH 

KoO 

Mg 

Mg(^03 

MgO 

Na 

NaHCOg 

Na^CO-j 

NaoCOa ■ lOH^O 
"NaOH 
NaaO 

Na 2 B 4 O 7 -rl 0 H 2 O 

N 

C 4 HA 

HCOOH 

C4H„04 

HBr 

HOI 

ChHA I lip 
CsHPj 

' 

I • ^18^84^2 

I C2H2O4 . • 

! KHCA+CoHgb.t' 
+ 2IUO i 

I Cj5Hg202 

I H2P0. 

1 HjPO, 

1 . 


RifOs * 
H 2 SO 4 

so, 

OieBseOju 

H 2 C 4 H.U 0 

KHC 4 H 4 O, 


Gram. 
0-01703 
0-01804 
0-08572 
0-16778 
0-03008 
0-06000 
0-,03707, 
0-02800 
0-00809 
0-03916 
010010 
0-00916 
0-06016 
0-04716 
0 01218 
0-04218 
0-02018 
0 02806 
0-08400 
0-05306 
0-14313 
0 04006 
0-03105 
0-19115 

0-0401 

0-06702 
0-04602 
0-06902 
0 08097 
0-08046 
0-07003 
0-06003 
0 846 
0-12797 
0-09006 
0-28226 
0 00302 
0j046J)l 

0.-08474 
0-256-24 
0-0980 . 
0-0*90/ 

0 13808 
0-06302 
0-064(y 
(104904 
0-04003 
0-28427 
0-0J602 
0-18819 
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Equivalence ojf, Decinormal Pervianganate Solution. 


1 C.C. of Docviuormal KMnOj Solution (5*662 grains per litre) corresponds to 


Gram. « 


Lead.. ^ . 

p'' . 

0-01034 

Calcium . •.. 

Ca ' ■ 

0-00201 

Iron. 

Fe 

0-00660 

Ferrous oxide. 

FeO 

0-00719 

Ferric oxide. 

FejO, 

0-00799 

Feiro-ammonium sulphate. 

FeSO.+'lNHJjSO.I 

0-039217 

Ferrous sulphate . . . ' . 

+ 6 H.P / 

Glycerine (Allen method). 

(FeSOj+7H..O) 

0-027806 



0-0046 

'* 


. 0 -,00741 

Indigotin. 

1 KHC.A+ \ 


Potassium tetraoxakte . ... 

tc^HA 1 2 P 20 / 


Manganese . . .... 

Mn 

0-00276 

Manganous oxide . .... 

MnO 

0-00365 

Manganese jieroxide . 

M 11 O 2 

0-00486 

Sodium })eroxide. 

NaA 

0-00390 

Oxalic acid, crystals . . 

H..CA + 2H»0 

0-00630 

Oxalic acid, anhydrous. 

H,C,A 

0*00460 

Nitric acid. 

HNO 3 

0 00316 

Nitrous acid. 

HNO 5 

0-00235 

Oxygen (in acid solution). 

0 

0 00080 

Hydrogen peroxide. 

IIA 

0-00170 

Stannous chloride . . ... 

SnCl 2 + 2 H 20 

0*01129 


Equimlewe of Decitwrmal Sodium Thiotulphate Solution.* » 


1 c.c. of Decinormal Solutioij (24*83 grams per litre) corresponds to 

BroirineL(free)^ ,. . 
Chlorine (free) . 


Hr , 

Cl 

Oram. 

0-007996 

0-003645 

Iron . ' . 


. Fe 

0-006688 

Ferrous oxide 

. ' 

' FeO 

O-O 07 I 88 

.^^rric oxide 


‘ FejOs 

0 007988 

loCine 


I 

0-012697 

Potassium dicbromate ^ 


KgCi^Oiy ' 

0-004909 

Potassium permanganate 


KMnO^ 

0^903164 

Mauganese peroxide . 


MnOo 

0-00436 

Oxygen (free) . 


0 ‘ f 

0-00080 

Hypochlorous acid 


HOCl 

0-00262 

Chloride of lime. ,. 


CaOCl, 

0-00635 

Hydrc^n jwroxide . 

' 

H20a , 

0 00170 
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Equivalence of Decinormal Arsenioih Acid,, 


Bleaching powder, regarded as fi-eo chloiine 
Bromine . . . 

Chlorine . 

Iodine 

Manganese peroxide . 

Sulphur#tted hydrogen 


3 per*'litre) corresponds^to 

Gram. 

Cl 

0-003646 

B. 

0-007996 

Cl 

0-008646 

I 

0-012697 

MiiOj 

0-J04860 

"HjS 

0-002666 


Equivalence of Decinorvial Silver Nitrate, 


1 c.c. of Solufion (16*994 grams per litre) corresponds to 




^^ram. 

Ammonium bromide . . * . . . 

NH,Br 

0-009800 

Ammonium chloride . . . •. 

NHjCl 

0-008849 

Ammonium thiocyanido 

NH.CNS 

0-007611 

Bromine.• . 

Br 

0-007996 

Hydrok'olbic acid. 

HBr 

0-088097 

Chlori|te. 

Cl 

0-003546 

Cyanogen (Liebig) . ’. » . .• 

tJN 

0*005202 

Hydrocyanic acid ^ . ?* . . . . > 

HCN 

0-006404 

* Io(Bne. 

1 

0-012697 

Hyariodic acid. 

HI 

0 012798 

PotasBium bromide . . . . •. 

KBr 

07M1911 

Potassium chloride . *. 

KCl 

0*007^6 

Potassium c-yai:i<Ib(Tiiebig) .... 

KCN 

0;018082 

Potassium iodide . . . 

«;i 

0-016612 

Sodium bromide ....... 

Nalir 

0-0fl)301 

Sodium chloride.^ . 

NaCl 

0-00685# • 

Sodium iodide .. 

Nal 

0-016002 

Hydrochloric acid. 

JIC* 

0-003646 

:-^ 

* 

* 
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Equivahdce of Pecinormal Ammonium Thiocyanate Solution, 

1 C.C. of Solution (containing 8 ’611 giaftis per litre) corresponds to 

Gram. 

Copper . . . . . Ou * * 0*00686 

Silver ..... ■ ... Ag 0*010793 

Silver nitrate . . . ' . . ' . . AgNO;, 0*016994 


Equivalence of Decinormal Sodium Chloride Solufion. 

1 c.c. of Solrtion (5*8.5 grams per litre) corresponds to 

Gram. 

Silver ... .Ag 0*010893 

Silver nitrate. . . AgNO^ 0*016994 


Equivalence of Decinormal Iodine Solution. 


I 1 c.c. of Decinormal Iodine (12*697 grama per litre) corresponds to 

* Gram. 


Arsenious acid . 
Antimony oxide 
Bromine (free) . 

Tartar emetic 
Chlorine (free) . 

Iron .... 
Ferrous oxide . 

Ferrous carbonate 
Pota^siup dichrdmjite 
Potassium perftianganate 
Sodium sulphite, crystals 
Sodinp thiosulphate . 
Sulphuretted hydrogen 
StVlphirousacid . 

Sulphur dioxide. 

Ferrio oxide . . '* 


Aaj 03 

®^2^S 

Br 

K(Sl)0)C,HA+iR*20 
' ,C1 

Fe „ 


FeO 
FeCOg 
KaCr.Oj 
KMiib, 
Na2p03+7H20 
NaDjOj + SHjO 

H.S 

H^SOj 

SOs 


0*00496 
0 00721 
11*007896 
0*016819 
0*003646 
0*006688 
0*007198 
0*011688 
0*004909 
0*008164 
0*012613 
0*02488 
0*00170 
0*00410 
- I 0*00820 
0e9079SS 


-t 
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Taiilk ok Conversion- FAcTt>BS.‘ 

• • 


To Convert 

lb 

^ Multipljr by 

•Acres. . . * . * , 

AtmoflpbereB. 

Atmospheres • ... 

Atmospheres. 

British Thermal Units 

British Thermal Units 

British Thermal Units ^ . 

B.Th.U. per cubic foot. 

B.Th.U, per lb. 

(’alories .... 

Caloric .. 

Calories per centimetre 

Calories per kiio 

Centigrade degrees .... 

Centimetres. 

Cubic centimetres .... 

Cubic feet. 

Cubic feet ... . . 

Cubic feet. 

Cubic inches. 

Cubic metres .... 

Cubic melifts. 

Cubic metres per kilo 

Cubic yards ..... 

Feet. 

Fahrenheit degrees . 

Foot-pounds . . . * . 

Vootp^unds. 

Foot-pounds. 

Gallons. 

Gallons.* , 

Grains . . * . 

Grammss.• 

Gramfte^ . ^. 

Grarnsnos per cubic centimetre . 
Hectares . • i • • *• 

Hectares . , . 

Hprse Power. 

Horse Power. 

Horse Power. 

Inches . ^ . ? 

Inches mercul) J^auge • «■ 

Inches mercury gauge . •. 

Inches mercury gauge a . 

Inches water gauge . . . .^ 

Inches water gauge .... 

Joules I. 

• Joules . * ^ . 

Kilogrammes «. ^ . .* 

Kil<» per square centimetre 

Kilos per square metre ■ 

Kilora^tre#^ •. • 

^ometres per hour . . . 

Kilowatts . •. 

^lowatts • , • • • • ♦ 

■ — _ 

Hectares* 

iyiqs per syiaro cm. 

Aim. of mercury 
^ouhds per square inch 
Calories 

Foot pounds 
' Watt, hours 

Calorics per centimetre 
Calories per kilo 

British Thermal Units 
Joules 

B.Th.U. j)er cubic foot 
B.Th.U peril). 
Fahrenheit degrees 
Inches 

Cubic inches 

Cubic metres 

Gallons 

Litres 

Cubic centimetres 

Cubic feet 

Cubic yards 

Cubic feet per lb. 

Cubic metres 

Metres 

Centigrade degrees 

Foot-poundals 

Joules 

B.Th.U. 

Litres 

Cubic feet 

Grammes 

Grains 

Pounds (Av.) 

Pounds per cubic foot 
Acres • 

Square’yards 

B.Th.U. pA second 
Calories per second 
Kilowatts 

Centimetres 

Atmospheres 

Riches water gau^ 
Pounds per square inch 
Inches mercury gauge 
Pounds per square inoji 
Foot-nounfte • 

CaloiTCS / * 

Pounds 

Pounds per square inch 
Pounds per square foot • 
Miles * 

^nots 

B.ThtU, per second • 
glories per second * , 

•4047 

1-033 
•780 ■ 

14- 7 
•262 

777- 

•293 

8-90 

•558 

3-97, 

4180- 

•1124 

1-800 

1 '8 and add 32 
■394 
■0610 
■0283 

6-25 

28-33 

18-4 

36-3 

1- 307 

16-01 

•766 

•3048 

Deduct 32, and 

32-2 . 

1 -soo 

•00129 
• 4’648 
■160 
•0648 

15- 44 . 

•002205 

62-4 

2- 471 

11,960’ 

•707 

. -744 , 

2-64 

•0»33 

13- 6 . 

•490 , 

•0736* 

•0360 

•738 

■000239 a 

2-2»6 

14- 22 
•206 
•6214’ 

•64 

■949 

• • -239 
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Table op Conversion EACffORS— 

I , fc , « 


* 

To Convert 

- r~, - 

To 

. Multiply by 

Kilowatts. 

Foot-pojmds per second 

738- 

Kilowatts. f . 

Horse Power 

1'341 t 

Knots . . 

Miles per hour 

1-151 

Litres . • . 

'Cubic feet * 

' -0353 

Litres . 

Gabions 

•220 

Litres . 

Pints 

1-76 

Logarithms (Common) 

Hyperbolic 

2-3026 

Logarithms (Hyperbolic) . 

Common * 

•4343 

Metres.* . 

Feet 

8*281 

Metres. 

Inches 

39*87 

Metres. 

Yards 

1-094 

‘ Miles 

Kilometres 

i',6q9 

Miles per hour. 

Feet jier second 

1-467 

Miles per hour. 

Knots 

. -869 

Millimetres. 

Inches 

•03937 

Ohms per centimetre cube . 

Ohms per inch cube 

•394 

Ohms per inch cube . / . . 

Ohms per cm. cube 

2-54 

Ounces (Av.). 

Grammes 

28-36 

Ounces (Troy). 

Grammes 

31-09 

Pints . 

Litres 

•668 

Pounds (Av.). 

Kilogrammes 

•464 

Pounds per cubic foot 

Grammes jier c.c. 

•016 

Pounds per square foot 

Kilos per square metre 

4-88 

Pounds j>er square inch 

Kilogrammes per sq. cm. 

■0703 

Pounds of water evaporated from and 

Kilos of water evaporated 


at 212° F. 

from and at 100“ C. 


Quarts. 

Litres 

1*136 

Radians. 

Degrees 

57-3 

Square centimetres .... 

sSquare inches ' 

•166 

Square inches. 

Square centimetres 

6'4ir 

Square flet . ... 

Square metres 

•093 

Square iiietrea. 

Squafe feet 

19-76 

Square metres . . . . 

Square ^aids 

1-196 

Square miles. 

Square kilometres’ 

2*69 

Squafe yards. 

Squale metres 

•886 

Tons. 

Kilogrammes 

1016-b .■ 

Tons per square inch .... 

Kilos ^r square cm. 

*157.6 , 

Tons per square inch . *. 

Atmospheres * * 

' 162-4 

■Watt-hours . . . 

B.Th.U. 

3-416 

Yards 

1 

Metres 

•9144 


‘ i/ole.—In the atove table the calorie is the kilogramme oal(>rie, sometimea called the' 
“ large calorie." 


Mensuration of Surfaces and Solids. 

Area of a circle = Radius squared x 3'1416. 

Volume of a spljereJ 1* x CT4^6 x radius cubed. 

Volume of a cylinder A Area of a base height. 

Circumference of a circle = 2 x,3'1416 x radius. 

Area of sector pf circle = Length of area x {j radius. 

Area of a segment of circld = Area of sector less area of triangV. 
Area of a square, rhombus or rhomMid = Base x height. 

Area of ampquilateral triangle = Square of side x 0'433. ^ 

Area of trapeziumsum of two parallel sides x height.' 
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■4rea of regular pq}ygon=Inscribe a circlS, then radius of oij^le, aid 
length of one side x numj)<ir of side. * ' * 

Area of an ellipse = Major axis x minor axis x 0^7854. 

Surface of cylinder or prism =» Area of two eads x lengtl^and perin»eter. 
Surface of cone or pyramid = | side x perimeter of base-^'area of base. 
Surface of cube or parallelopipedon = Suih of areas of all the sides. 

Surface of sphere = Diameter squared x 3’l416. 

Content of psr.efhi or cylinder = Area'of base X height. , 

Content of cone or pyramid = J (a|;ea of base jc perpendicular height). 
Content of cubtfhr parallclopipedon = Length x breadth x depth. 

Content of sphere =£!ube of diameter x 0-5236. 

Volume of hexagonal = Stjuaro of side x 2-598 > height. 

Volume of paraboloid = J volume of circumscribing cylinder. , 

Volume of ring (circular section) = Mean diameter of ring x 2-47,x square 
df diameter of section. 


FREEZING MIXTURES. 

Freezing mixtures are salts or mixtures of salts which cause a lowering of 
temperaturt) when dissolved. The lowering of temperature increases with 
the heat of solution, solubility and concentration of the solution, and is 
greater the lower the freezing point of the solution, since the freezing point 
marks the limit of cooling. The mixtures, in order to give satisfactory 
results, must be used in ^relatively large amounts, and bo cooled as far as 
p()ssiblq,before use. The solids used should be finely powdered. 


A. MfxTUBES WITH WATER. 


Mixture. 

5 parts ammoniufi oiloride* . 

5 „ potassium titrate 

16 „ water .... 

5 „ ammonium chloride ? 

6 „ jpotessium nitrate 

8 „ sodium sulphate (cryst.) ^ 

16 „ water . . , . 

1 part ammonium nitrate * . 

1 „ water .... 

1 „ ammonium nitrate ^ . 

1 „ sodium carbonate (ciyst.) 

1 „ water , . . • 

Sqiart* potassium sulphocyanide 

2 „ ^water . . * . 

5 „ c|i)pium chloride (cryst.)f 

3 „ Water . . . . ■ 


Cooling. 


From 

To 


- 17” 

1 10” 

r20” 

j 10” 

o 

1 

I 

•-25” 

} 10” 

-25” 

] 40”* 

-15” 
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I B. Mixtukbs with Diiutb AcidS. 

^ t « 

Mixture. ■ Cooling. 




.« 

Prom 

To 

3 parts sodium sulphate (cryst.) 

, 10° 

-20° 

2 

if 

dil. nitric acid (2 ac^id, 1 water) ‘ . 

6 

a 

sodium sulphate (.cryst.) , . . 

* « 


4 


ammonium chloride 

10° 

-26° 

2 


potassium nitratb . ' 

4 

1) 

dil. nitric acid .... 



6 


sodium sulphate (cryst.) 


-28° 

5 


ammonium nitrate 

10° 

5 

V 

dil. nitric acid .... 



6 

„ 

sodium phosphate . . . 

' 10“ _ 

-20“ 

4 

a 

dil. nitric acid .... 

5 

n 

sodium sulphate (cryst.) 

10" 

-18° 

4 

M 

dil. sulphuric »cid (1 acid, 1 water) 

8 


sodium sulphate (cryst.) 

10° 

- 22° 

5 


cone, hydrochloric acid . . , 



C. Mixtbbbb with Snow ob Powdered Ice. 


1 part sodium chloride . 

• 2 parts SHOW .... 

1 part ammonium chloride 

2 parts sodium chloride . 

5 „ snow .... 

1 part ammonium chloride 

2 parts sodium chloride . 

1 part potassium nitrate 

5 fwirts snow .... 
5 „ sodium chloride . 

5 „ ammonium nitrate 
12 „ snow ..... 

5 „ calcjum chloride (ci’yst.) 
. 4 • suw ■. 



' 3 „• calcium chloride (cryst.) . . \ 

2 •„ snow.J 

* V5 *„ potassium hydroxide (cryst.) ' . ) 

3 „ snow ■ , • • • / 

I part sulphurifc acidt (diluted* with 20% 1 

• of its weight of water) . ' . 

3 parts snow J 

1 part cone, hydrochloric il>:id, sp. ^r. 1'18 \ 
1 „ snow . , . . . . ■ ! 


0* 

0 " 

O’ 


1 „ nitM/! aejd .. 

2 Jiarts snow . 



- 20 ° 

-r 

-35° 

* > 

i 

-40* 

-50“ 

-35* 

-35* 

« 

-50° 

37-. 

-56* 
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Mblting Points. (PrsezhIo Pointo.) 


Alcohol (ethylic) 

• # 

• • • 


« 

• 

* begrees Cent 
-180 

Alumiitium 

Ammonia 


4 


857 

*•-76 

Antimony 




* 630 

Asphalt . • . 

• 

• . 


. 100 

Benzene ^ure) . 




. 6 

Bismuth 

* 



288 

Boric acid . 



. 

186 

Brass 




900 

Bromine . « 




-22 

Bronze 




900 

Cadmium 




. 321 

Carbon dioxide . 




-70 

Cobalt 




1500 

Coloj^honium 




136 

Copper •. 




1084 

Cupric chloride . 




498 

Cuprous chloride 



$ 

434 

Fat, ox . . . 




40 

,, sheep 




42 

.. pig . 




27 

Fluorspar . 




. 902-1330 

Cflass 




1200 


», containing lead 
Gold 

Iron, cast, white 
»» grey 

,, wrought 

Iodine 
Lead 
,, oxide. 

„ chloiide 
Magnesium 
^encury . 

Mercivic chloride 
Naphthalene 
Nickel * . 

Nitric acid 
,, oxide^ 

Nitvic (etrozide. 
Nitrous oxide . 
Palm oil . 

Paraffin, hard . 
Pile# (coal tar, hard) 
♦ Phosphorus 
Platinum 

Potassium chlorate 
, „ iodide , 

„ c>inonate 
,, nitrate 
,, ^ chloride 
• sulphate 


-148 


1000 
1063 
1076-1135 
1200-1250 
1600 
113 
3^6 
954 
490 
633 
-39*5 
287-293 
79 
1484 
-54 
'8 to‘ l«l 
-11 
-102 
29 
46-60 
, 150-200 
. 44 

1710 
284-302 
4-728 
884-898 
,827-363 
. 740-^04 
lOft-1078 
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jfOKB-OV^l^ AND BY-PRODUCT WOEiJs OHRMISTBY. 


Melting Points'. 

4 (. * 

Rose’s metal .' 

Selenium . .. 

Stearic acid 
Steel• 
Silver, metallic . < 

,, chloride. «. 

nitrate . 

Strontium chloride’ . 
Sodium chloride 
„ sulphate 
,, nitrate . 

I, chlorate 
„ carbonate 
Spermaceti 
Sulphur (monoclinic) 

„ dioxide 
,, trioxidg 
Sulphuretted hydrogen 
Thallium . 

Tin . . . ■ 

,, tetrachloride 
Wax, bees’ 

Wood’s metal . 

Zinc . . ■ • 


(Freezing •Points)— fontinued . 

‘ Degrees Cent. 

! . ' 217 

! . . . 70 

1376 

. • 961-6 

. 460-460 

' . . . • ' ’ 217 

' • • . . . . 826 

I . ! . . . 77*2-840 

.1 . 861-884 

' ’ , , . . 308-330 

.... 248-302 
’ . , . . 814-918 

46-50’ 
.120-1 
.' -72-7 

H'8 
-86 
301 
232 

! . . . -33 

62-70 

419 


Linear Expansion of Substances. 

By variation of temperature from 0° to 100 ,C. (32 -212 F.) 


Brass 

Charcoal from oab 
,, i> fit 

Copper . 

Class, flint . 

,, W)itc . 

„ green . 

Gold 

Iron, wrought ' 

,, cast 

Lead 

Marble of Carrara 
,, St. boat 

Platinum ‘ . 

I Silver . 

Solder, hard . 

Steel, hardfued 
,, not hardened 

Tin 

Water . '. 

Zinc 'e . , •’ 


0-001868 
('-001200 
O-Ot/100 , 

0-001718 
0-000817 
0-000861 
0-000706 
0-001466 
0-001235 

ooonio 

0-002848 

0-000840 

0-000418 

0-000884 

0-001908/ 

0-002068 

0-001240 

()-001079 

0-0O1988 

0-016588 

0-002942 


1:535 
1:833 
1:1000 
1:682 , 
1:1210 
1:1161 
1 :1305 
1:682 
1:812 
1:901 
1:351 
1:1178 
1:2892 
1 !n82 
1:624 
1:486 
1:807 
' 7 :927 
•l:5l6 
1:71’4 
1:340 
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IlBDUcrnoK OF Water'Pbbsstjrb to MeRcurial Pressure. 


Aq. 

.a. ■■■ 

Hg. 

Aq. 

Hg. 

Aq. 

• 

Hg.. 

Aq. ■ 

- ¥7 

Hg.- 

Aq. 

* 

Hg. 

1 

007 

. 23 

170 

45 

•8-32 

•67 

4'94 

. 89 

6-67 

2 

0-15 

24 

177 

46 

3>S9 

S3 

6*02 

90 

6'64 

S 

0’22 

26 

1-84 

47 

3-47 

89 

6'09 

91 

672 

4 

0‘30 

26 

1-92 

48 

S'54 

70 

5'17 

92 

679 

6 

0'37 

27 

» 1-98 

49 

3-62 

71 

6’24 

93 

6-86 

6 

0-44 

28 

2'07 

50 

3-69 

72 

6-31 

94 

6-94 

7 

0-62 

29 

2-14 

61 

376 

73 

6-39 

95 

7 01 

• 8 

0-69 

30 

2-21 

62 

3-84 

74 

6-46 

96 

r-ds 

9 

* t )-68 

31 

2'29 

63 

3-91 

76 

6-64 

97 

7'16 

10 

0-74 

32 

2-38 

64 

3*99 

76 

6-61 

98 

7-23 

11 

0-81 

33 

2'44 

55 

4-06 

77 

6-68 

99 

7-31 

12 

0 89 

34 

2'61 

66 

4-13 

78. 

6 76 

100 

7-38 

13 

0'96 

36 

2-68 

67 

4-21 

79 

6-83 

200 

1476 

14 

1-03 

36 

2-66 

68 

4’28 

80 

5-90 

300 

22-14 

15 

1-12 

37 

273 

69 

4-35 

81 

6-98 

400 

29-62 

IS 

1-18 

38 

2-80 

60 

4-43 

82 

605 

600 

36-90 

17 

1-26 

39 

2'88 

61 

4-60 

83 

613 

600 

44-28 

18 

1-33 

40| 

2'96 

62 

4-58 

84 

6-20 

700 

61-66 

19 

1'40 

41 

3'03 

63 

4*65 

85 

6-27 

800 

69-04 

20 

1-38 

42 

3-10 

64 

472 

86 

6'35 

900 

66-42 , 

21 

1-66 

43 

3-17 

65 

4-80 

87 

6-42 

1000 

73-80 

22 

1’62 

44 

S'eS 

66 

4'87 

88 

6'49 



« 

• 
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, SPEOific Gravity and Percentage of Saturated Solutions. 

* • * • 

Thtf percentage refers to Anhydrous Salt. 


i 

Teifl. 

perature. 

Percentage 
of Salt. 

Speci^<f 
Gravity. * 

Twadaell. 

• 

Ammonium chloride . . * 

6 

If 


fly TiH 

• 

lfi-5 -J 

„ sulphate . 

ft 



ih* 

Barium chloftde , 

15 



66-6 

Calcium chloryie . 

16 

IB c 


82-2 

Magnesium sulphate 


■K S 


67-6* 

Potassium chtoridi 

ft 



• 84-4 

,, carbonate 

15 



114 

,, uitrate . . • . 

15 



28-8 

ff *«8ulphato . * . 




16-6 

podium chloride . . . • 

15 * 



40-8 

• carbonate 

15 ■ 



80-7 

• „ nitrs|ti* . 

19-6,* 


•1-|804*' 

76 

• „ suljdiate . 




22-3 

. • 

_S_ 





12 










INDEX. 


Abel flasli-poini apparatus, 78. * 

Acenapbthene, 153. 

Acetone, 161, 

Acetophenone, 161. 

Acridine, 161. 

Ammonia, estimation of, in coal gas, 5. 
Aminoniacal liquor, estimation of carhonio 
acid in, 63. 

-chlorides in, 63. '• 

-cyanides in, 58. 

-distribution of sulphur in, 58. 

-ferrocyanides in, 60. 

-lixed ammonia in, 53. 

^ _ fiee ammonia in, 52. 

-sulphur as jwlysuljihide, 56. 

-sulphates, 54. 

-sulphides, 55. 

--sulphites, 56. 

-sulphocyanides, 54. 

-thiocyanates, 60. 

-— thiosulphates, 55. 

- L- total sulphur, 55. 

Ammoniun. sulphate, estimation of ammonia 
in, 52. 

-free acid in, 52. 

-iron salts in, 62. 

-npoisturc in, 62. 

Aniline, 161. 

Anthracene, 145. 

Anthracene cake, estimatiov of anthracene 
in (Hochst test), 44. 

-foreign matter in, 44. 

-paraffin in, 45. 

Atomic if^-eights.falile of, 163. 

Benzene? 138. 

Benzolf, 138. ' 

— (ci*ude), analysis of, Colman and Yeoman 

mfethod, 81. 

-Spielmann and Petrie method, 103, 

— 90 per cent., 139. ‘ - « 

— analysis of, Jones method, 11. ' 

-Norihall-Laurie method, 114. 

-Spielmann and Wheeler method, 106. 

Government distillation test for, 105. 

— estilnatiou of, in coal gas, absorp.'^ion and 

distillation method, 10. 

--freezing methdd, 13. 

— J— Lesslng-r method, 12. 

— Muller’s method, 9. 

— nitration method, 11. 


Benzole, estimation of, in coal gas, vapour 
pressure method, 11, 

-carbon bisuli>hidc in, 87, 106,117, 

126. , , 

-paraffins in, 87,106, 117. 

-thiophene in, 122. . 

-total sulphur iii, 75. 

— flash point of, 78. 

— standard, 139. 

Benzolised wash oil, estimation of crude 
I benzol in, 75. 

Benzoiiitnle, 161. 

“Bomb ” calorimeter, 64. 

“ Boys” calorimeter, 68. 

Calohimetky, 62 
Calorimeter, the *■ Bomb,” 64. 

— the “ Boys,” 68. 

— the “Darling,”62. 

— the “Junker,”65. 

— the “ Sinimance-Abady,” 68. 

— recording, “Simmance-Abady,'’ 70. 
Carbazole, 167. 

Coal, coking-property tests, 3.* 

— estimation of ash in, 1. 

-fixed carbon in, 1. 

—' — moisture in, 1. 

-nitrogen in, 3. 

-phosphonis in, 2. 

-^ sulphrr iif, 2. 

-volatile Vydrocafbons in, 1. 

— formula for calculating calorific yalues 

of, 4. 

’— eam]>ling, 1. 

— in washery shalB, 4. 

Coal-gas, analysis of, 16.' 

L — estimation of ammonia in, 5. 

-berzol in, 9. 

~s — cyanogen in, 6. 

-najffitlialene in, 6. i 

-sulphuretted hydrogen in,^7. 

-tar in, 6. 

—’ — total sulphur is, 8., 

Coke, estimation of ash in, 1. 

-fixed carbon in, 1. 

-moisture in, 1. 

'-phosphorus iu, 2. 

-sulphur in, 2. 

-volatile hydrocarbons in, 1. 

— sampling,!. " ' u 

Collidines, 161. 


178 
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. CoHV«rsion factors, table 171. . 

Coumarone, 154. ^ ^ 

Cresols, ortho-, raeta*, and para-, l^a. 
Cresylie acid, distillation test of, 3.5. 

— estimation of neutral oils in, 35. 

-sulphuretted hydrogen in, 35. 

—^separation of the isomeric fsrma of, •64. 
Creosote oil, determination of the distillation 

range of, 87. • • 

-flash-point of, 38. 

-specific gravity of, 35. • • 

-viscosity of, 39. 

— estimation of naphtlialci^ in, 37. 

-phenols in, 87. 

-pyridine bases in, 38. 

— — sulphur in, 77. 

-water in, 36. 

— relati\% fates of cooling of, 42. 

— table for reducing the specific cravitv 

of, toN.T.,?6. . 

Chrysene, 147. 

Cumene, 141. 

Cyclopentadieue, 148. 

Cymene, 141, 

Darling’s calorimeter, 62. 

De-benzolise^l oil, estimation of crude benzol 
in, 75. 

Dicyclopentaaiene, 149. 

Dimethyl anthracenes, 147. 

— naphthalenes, 143. 

— phenols, 160. 

— pyridines, 161. 

Diphenylene oxide, 155 

• —tsulphide, 156. 

Diirene, 141. 

Ethyl benzene, 140. 

FLASH-pointapparatus, “Abel’s,” 78. 

-39. 

-“ reusky»Marten,” 39. 

Flue ga%, analysi^of, 23. ,,, ^ 

— CO2 recorders for, 28. 

• estimation of sulj^mr dioxide in, 26. 

— Simpling, 23. 

^’luoranthene, 153. 

• Fluorene, 168. • 

Freezing mixtiues^tible of, 173. 

— points, table of, 175. 

Gas analysis, 16. 

— apparatus, “ Hcmpel,” 16. 

-“ Orsat-Lungo,” 20. 

calculttflon of calorific value of, 21. 

— determining the s]>|cific gravity of, 21. 

—• sampling, 16.^ * 

' Hydrindknj,*152. 

Hydrocdliniawuie, 155. 

r 

IndenJ, 160. 

• Indicator, 16f 
Ifldole, 157. 


\ 

Uo-methvbaflthr*ceiie, 147. 

— quinoline, 161. 

Junkers gaa calorim^er, 65. 

Lepidine, 161. 

Lineaf exjmnsion of substances, table of, 175. 
^ Lutidinc#, 161. 

l^fELTiNQ^wints, table of, 176. 

Mensuration of surfaces and solids, 172, 
Mesitylene, 140. 

Metliv| anthracene, 146. 

— ethyl ketone, 161. 

— naphthalenes, 142. 

— pyridines, ^60. 

— quiuolene, 161. 

Naputhaclnk, 148. 

Naphthols, alpha and beta, 160. 
Naphthalene 142. 

— detennination of the inolting point of, 43. 

— estimation of moistuie, 43. 

-foreign matter, 43. 

-in coal gas, 6. 

Naphtliantliraceno, 148. 

Najdilhenes, 162. 

ORl'HO-niPHENOL, 155. 

Tarvolines, 161. 

Phenaiithrene, 143. 

Phenols, 157. ^ 

“(crude), estimation of carbolic acid in, 
33. 

Phenol hydrate, 158. 

Phenyl benzene, 141. 

Picene, 148. 

Picolenes, 161. 

Pitch, analy.sis of, 45. 

— detennination of the twisting point of, 46. 
~ estimation q£ free carbon in, 46. 
PseRdocumone, 140. 

Pyrene,^47. 

Pyridine, 160. 

— bases, distillation tegtffor, 85. ^ 

-estimation of water ni* 36. 

Pyrometer, Fery radiation, 71. 

— Fery spiral,•'/I. 

— platinum resistance, 71. 

— recording, 73. 

— thermo-elootric,^ 70. 

P;^Tole^l57. ^ 

Quinaldine, 161. 

Quinoline, 161. 

REDud'lriON of water pressure to mercurial 
, pressure, tablcifor, 177. 

Referee’s test for ^otal sulphur in coal gas, 8. 
Retene, 144. 

Rosolic acid, 160. 
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Salt id washevy watei‘, 4i 
,Shal(j from wasliery, coal in, 4.< 
Siiumance-Abady gaa calorimeter, 68 . 

— recording, 70. , 

Solvent naplitha, estimation of xylene in, 

119. 

Specific gravities and percentage of sa/urated 
solutions, table of, 177. 

Standard solutions for volumetric’analysis,' 
165. 

Sulphur (total), estimation in coal gas of, 8 . 
Sulphuretted hydrogen, estimation in coal 
pas, 7. 

Sulphuric acid (B.O.V.), determination of 
the specific gravity of, 50. 

— estimation of arsenic in, 50. 

-nitrous acid in, 52. 

-sulphuric acid (H 2 SO 4 ) in, 50. 

Tar, determination of the specific gravity 
of, 29. 

“ distillation test for, 30. 

— estimation of free carbon in, 29, 46. 

— — watei in, 29. 

— — in coal ga.s, 5. 

Tar acids, determination of the crystallisa¬ 
tion })oint of, 33. 

-specific gravity of, 33. 

-estimation of carbolic acid in, 33. 


Tar ackls, estimation ofwatci in, 33, ' 
TeRa'.iiethyl pyridiiies, 161. 

Thiocoumarone, 156. 1 

Thiophene, 156. 

Toluene, 139. 

Toluolc, 189. 

— cdmmerciil, 139. ' 

- determination of the flash-point of, 78. 

— estimation of beuzeiie', toluene, and xylene 

in, 83, 104, 105, 111, 114. 

-- - - ])araflins and carbon disulphide in, 87, 
106, 117, 126. 

— - total sulphur in, 75. 

Trimetliyl benzenes, 140. 

' pyridines, 161. 

Truxene, 151. 

Vknyl ])enzene. 141. 

Viscometer, the Coleman-Archbutt, 42, 

— the Redwood, 40. 

Volunietiie analysis, tables for use in, 167 

Washtuiy shale, estimation of free coal in, 4. 

— water, estimation of salt in, 4. 

Xan'J’HExNk, 156. 

Xylene, 139. 

— styiene, 146. 

Xylole, 139. 
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DISTILL TAR 


in a rianl with all tin’iidvantai;cs* of a {lerfci i f)ut 
simplo design. 'I'hi, I’l.uit ])rodu(.cs ('onlinuouhly 
(rude N.iphtha, Oils. ('ji.'osote, \nihrii('eiu“ 

Oils, and Pitch. 

'I'he fraitions (an hr varied desirod to iiierl vaiyinu 

inark''J^rrqiin enicnts. 

Inteniiitlenl .SlilU aic « ostl\ to run. ;^!iuo«'i-,oiiU‘ and 
ineltinent. By the continuous piex-css rOcned t". 
i Ion of I'ai can he distilled To I’lidi on a kiel 
eionMinutiion <if 120 Ihs ( oke or tis eqinvaieiit in Oas. 

Plantb aie 'ai[)p]ied in all si/os lor fuli distillation or 
foi [)rej>aialion ol Kt Ihied Tar (ol any ^rade), with 
capacities of 1 Ion per da) to ho l()n^ i)er day. 

Plants are su[)t)lu'd on unit ha^ls .iddiiional units 
'an Ix' added wlieii reijuired 

Pleasi Jdi h'xjklel on ’P.ir !)l^t^llallon 

c ■>!i!i|ily all I'lie-. cl ('hciiii'al cr Kcclilic.itio}! 
I'.fnt, l<, l.iicnfc I’liritW-atKiii I'iaiit, < tc , l*ir ('<ike^()v(n 
Jjy-i'podiK'l tcijuntaii' ni'i 


CHAMBERS & HAMMOND 

Chemical Eng^ineers 

.LIGHTCLlFFk;-» • YORKS 

I • • ’ 

I 1*01. 100 Hipperholme, Telegrams '‘Rea||nt, Halifax.” 




WE SPECIA-LiSE ir^ 

EXHAUSTERS 

FOR RECOVERY PLANTS. 

4-BLADE POSITIVE AMD TURBO TYPES, 
STEAM AND ELECTRICALLY ^ DRIVEN, 


GAS COMPRESSORS 

FOR DELIVERING GAS UNDER PRESSURE. 


PUMPS 

FOR TAR, LIQUOR, WATER, &c. 


HYDRAULIC TRUCK HANDLING PLANT 

SIMPLE, FOOLPROOF, AND EFFICIENT. • 


GAS VALVES 

AND 

governors. 


GEO. WALLER & SON, LTD. 

PHCENIX IRON WORKS, STROUD, GLOS. 

Telegrams waller, BRIMSCOMBE ' Telephone 10 BRIMSCOMBE. 

AGENTS FOR SCOTLAND: 

D. M. NELSQN •& CO., 20 W(;st Campbell Street,, Glasgow., 



R. & J. DEMPSTER 

"limitm 

' Gas Plant Works 

« * 

MANCHESTER 


WE UNDERTAKE THE ENTIRE 
EQUIPMENT FOR 

COKE OVEN 

INSTALLATIONS 

FROM TVHE ironwork FOR THE 
OVENS TO THE 

REFINING OF 

BY-FRODUCTS 

SULPHATE,'CONCENTRAJEO 


• -J 

LIQUOR*, TAR *DiSTiLLIIMG, PURE- 


. BENZOL, TOLUOL, AND FRAC¬ 


TIONATING* PLANTS COIBPLETE 










GOVAN, GLASGOW 






CENTRIFUGES 

OF ALL TYPES 

IVrite for lUiistratcd Cclalogiies 



1 3 

% 3 





[■rr 








i?v- ; ' 





^ype 27 — Direct Eleck'ically Overdriven Centrifuge 

• I, 

THOS. BROADBENT ® SONS.Ld. 
'^ehgrams: HUDDERSFIELD 


"^efegrams: ^ ^ ^ 

'• BrOADBENT, HuDDiRSfltLD.” 


‘telephone : 
I58f«(4 Lm£:s)v 










LEEDS &.BRADFORD BOILER CO. L'^ 

STANNINGLEY 

Contractors to the War Office, the India Office, the Admiraity, 

, the Crown Office Agents fo'rjthe Coionles, etc. 

COMPLETE TAR’DISTILLING PLANTS 
TAR dehydrating PLANTS 



highest class tar stills 

Toj« ahH to shaffo l)y i^pccial I lyiir.uilic MacMiiery. 

Bwet llolco flnllL'd in position, an<l nil meting wiieie practtfcable'aorte hj'• 

Hydraula*?rf^chinciy. 

These ensure the Highest CCass of Tar Sfill made. 

* _ _ 

' NEW STILL BOTTOMS 

• ^ , 

Benzol StiP;, W^sliers, Air Receivers, Condensing Tanks, Dislillale TanI;?, Storage 
Tanks, Pans, Wioughl and ^'ast I'iping. Coils, (‘tc. 


Enquirh^ solicited Tor all kiads^of Riveted Siieel Plate Work 
and Hydrattfic Press Work^ 
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» • 


Coke and Ovens, Limited 

Builders cf “Si ll.L” Coke Ovens, Recovery Plant 
for Tar and Ammonia (Direct Process), Benzol and 
Tar PJanIs. * 

Numerous installations in En|;dand and in all parts of 
tlic world. 

* 

Batteries of Ovens operating continuously in this 
country for over 1\ years without any rclining. 


SALISBURY HOUSE, LONDON WALL 
LONDON, E.C.2 

7 i'lcphonK^ / 

LONDON \V\Ll. i2H0 COKrOV'l.NS, W'F. LONDON 


“CARR” TYPE DISINTEGRATORS 

« 



^or jJrlndiiiji Ooal lor Cjoklnj^ unii 
Patent [‘ueL (JlicmicuN, Manures, 
Super-phosphates, '■and, Llav, Rock 
Salt, Aspliuiics. Oil (’ake, etc . 
to any finenes.'' 
required. 


In V MiKjDs Sizi-A 

18" to 6 0" 
'•Immeler. 


PENNEY & PORTER (Engineers) if D, 

Telegrams: '* Porter.” ' LINCOLN 7 f'lepliinies , Nes. 21 I & 266. 


1<>(1 V 










JOSEPH. .TAYLOR & COMPANY 

CHEMICAL PLANT ENGINEERS 

A , 

Blackhorse Street Mills, Bolton 


MANUFACTURERS SATURATORS 
and ALU LEADWORK 

, FOR 

SULPHATE OF AMMONIA PLANTS 

AND 

BYE^PRODUCT RECOVERY PLANTS 

Telegrams ; ~ Saturators, Bolton.'’ Telephone:- 848. 


OTTO COKE OVENS 

ALL BRITISH - BRITISH CAPITAL - BRITISH STAFF 

Newest System of Carbonisation in Bulk for ' ■ 

producing Illuminating Gas of Higljesj Quality 

The Coal Gas Supply of Middlesbrough (popu¬ 
lation 126,000) produced entirely by Otfo Ovens 

i « * « • • 

REGENERATIVE OVENS t4EATE‘0 BY 
PRODPCER or" OTHER * LOW-GRADE GASES 

'V*.) • '* 


2355 OVENS BUILT IN GREAT BRITAIN « 


Successors to 

THE OTTO POKE QVEN CO. LTD. 

Head Office: 7 mJsEUIVI ST. (nr. Central Station), MANCHESTEB 
TELFPMONi. No 6 iTV 8200 TELEGRkMS. "SUCCESSORS, M/tNC^HESTER.'*, 







BY-PRODUCT COKE OVEnS 

• « 

. • 0 _ _ 

COAL WASHING PLANTS 

♦ , 

> _ 

tAR DISTILLERIES 
SULPHURIC ACiD PLANTS 


SIMON-CARVES LTD. 

MANCHESTER 


“WHESSOE” 

rW.ROTARY WASHER-SCRUBBER WITH A 

• -BIG* REPUTATION. 

/ 


UsecI by H. m! Gouenmes t and leading Gas Companies, \ 

• CoTUehes, etc., at home and abroad. * * 

•• • 

. - , , 

SCRUBBERS OF ALL,CAPACITIES SUPPLIED FOR EXTRACTlCm 

OF AMMONIA, BENZOL, fcvANOGEN, NAPHTHALENE, Etc/ eIc!^ 

« 

Also' Tanks of eueiy^clescri/rtinn, Cgal Storage Plant, • 
GhehicSI Plant, Structural Steel & lion Work yenerttlly. 

The WHESSOE foundry & engineering co. ltd. 

‘Works*: Darlington. Loijdon Office: 106^Cannog St., E.C. 4. 







I !•. OM. -Ra'.JrMi 'rwi>-Stjr;e Tiiioo Gas H'xii.tasMi, ciMveu Dy a50-H P. 
Brptherliood Strain I in' dido, to pas- ^5,0,000 ciibn' U‘-\ \n r Ijoin. aj^ainsi 
36 inches jH'.ssitrc difleu-iue. at a spcc/j of K P.M. c n,. ■ v\ , mI. 

-n,ipl:.M t..! 1 ' ..i . < C. ' -• u.'l 'll ' 


118 MACHINES SUPPLIED AND ON ORDER REPRESENTING 


A CAPACITY OF 55.338,000 CUBIC FEET PER HOUR 

SPECIAL FEATURES. - : i i i.'.li ^ \i. m. . i r -i . m>; m; ■ 

I !■ 'll' 4 \i t 1 i S' 111' ■ I.i" ] II Is ' I ■ J'l .( h . 'I :i III' 

I' 111 ' I' , i a-l IL'- ' C |.; V ;'"(■■! j: .11 ; It 1. • - Ii)-"('.p. 1I V 1 ’ pf' * 

(I'llt 'li 'IH-I !. -Ci ,1 .1' 1 Ills i 1; . a'!' 1 'i.iHii," 1,1 .'U '>1 s|„ . I ,1 p, •■i-r. 

British Made Coke Oven Valves 

lAr,iblj-Fatcd Solid Body witli Intciuai S.rew and also Onlsidc Sciew 

I il.iv '■ (it si ’i,,'- \ !h'. . \ t ! ill pi ,i ( I ■! 'll! I ,■ M)i Lll \ d \ t - 

i.,ii'.!\ iiMij I'll.',I iinl' .dn.nh '.iipplud 


THE BRYAN DONKIN CO. Ltd., ^lnghiee;s, 
CHESTERFIELD 


Jtf4’ 























THE GAS LIGHT & COKE GO. 

DAUl^’TSnV HOUSn, • 

FREDERICK’S flag:, OLD JEWRY, LONDON,E.G.2. 

Tcicgrraphic Address: Telephone Noe>s 

“BLANQUS, THREAD, LONDON." ' City 3660 & 3661* 

MANUFACTURERS OF: 

TAR PRODUCTS: 

Benzol, Toluol, 'Solvent Naphtha, Anthiacenc, Liquid 
Carbolic Acid (Crcsylic Acid), Crystal Carbolic 
Acid, 40 42 C.; Creosote lor timber preservation, 
Fluid C'eosoie, Soluble Creosote (Disinfecting 
Fltiid), Green Oil, Fuel Oil, Pyrid'ue, Naphthaline 
in various lorms, Dehydrated T.a.-, PUrh, Black 
Varnish. 

SETA NAPHTHOL (BALlOON Bh’Ar4;>i 

SALiaVUC ACID, COMMERCIAL and B.P. 

(BALLOON BRANDI 

AMIViONlA PRODUCTS ; 

SULPHATE OF AP.IMONIA (25 per '-enl,’ minimum 
stre.r'tgth, also 251 pta CiCnt. neutral quality), 

LIQUID AMMONIA (eill strengths). , 

ft ' < 

Cyanogen products: 

PRUSSIAN' AND BRONZE BLUES, of various grades, 
in paste, lump, O'' powder, suitable for paints, 
iinoleui.'is, printing inks, etc., etc, , 

CYANIDE OF SODIUM, PRUSSIATE OF SODA. ! 






